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P.J. Catania 
Faculty of Engineering, University of Regina, 
Regina, Saskatchewan, Canada 
ABSTRACT 


Research must effectively assist policy decisions, however, it must 
be conducted by well-endowed, professional research institutions capable of 
providing independent advice. Research and development initiatives will 
create technologies that will transform indigenous energy resources to 
sustain the social and economic developments particularly in the rural 
areas in developing countries. The availability of reliable and 
. sustainable energy resources, such as solar and wind energies,needs to be 
managed in a cost effective manner so as to reduce or remove a country's 
reliance on imported energy resources. The applications should be part of 
an integrated scheme covering a geographical area and aimed at providing 


better conditions of life. This requires a system of interactions 
carefully arrayed in space and time. Rural peoples must be both the 
principal actors and favoured beneficiaries of the process of integrating 
renewable energies. In practice, this involves the carrying out of 


diversified and coordinated activities which ultimately are in harmony with 
regional and national energy plans. 


1. REASONS FOR RENEWABLE ENERGY DEVELOPMENT 


Obstacles to development in developing countries rests with an 
adequate supply and distribution of food and energy (1). With respect to 
energy, particularly in the rural areas, from 75 to 90 percent of the 
traditional energy is in the form of wood, charcoal and vegetables wastes. 
Amongst other end uses, these sources of energy are primarily used for 
cooking meals, heating water and for lighting. If we are to develop energy 
systems which correspond to these basic needs we must identify the three 
basic types of energy, that is, thermal energy, mechanical energy anc 
electrical energy. Equally important we must define the availability of 
energy, their characteristics, research ahd development and marketing. 
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2. PREREQUISITES OF RESEARCH 


There is a consensus that the major issues and prerequisites in 
energy research in order to solve identifiable and _ prioritized 
developmental problems should examine the following: 


i) Research that enables a review and evaluation of the action impacts 
and future implicatiors of the oil crises, drought, = and 
disertification on the sustainability and security of future 
renewable sources of energy. 


ii) Research that provides a comprehensive dynamic analysis of energy 
prcduction and use as well as baseline information for evaluation of 
alternative energy policies developed within the national energy 
goals and objectives. 


iii) Research that leads to a comprehensive understanding of the socio- 
economic impact of the rural and urban sectors of the population. 


iv) Research that leads to a practical field evaluation of the technical, 
economic and social acceptance of viable applications of renewable 
energy. 


v) Research that aims to demonstrate, monitor and motivate acceptance 
and demand of efficient, cost-effective applications of renewable 
sources of energy. 


vi) Research that explores the prospects of indigenous sources of energy 
which will provide a base for a sustainable growth of locally owned 
and operated small scale industries utilizing local technical 
available manpower. 


To accelerate the practical applications of renewable energies it is 
vital that the renewable energy industries be fully equipped and be 
supported by a strong infrastructure and by skilled manpower. It goes 
without saying, that renewable energy must be integrated in the energy 
planning stages. In the evolution of a national energy policy some of the 
various elements which should be addressed are as follows: 


a) Data Aquisition 


The inadequacy of reliable data on solar and wind energies is a major 
obstacle to their development. This requires not only equipment for 
measuring the relevant input data but also the processing of the data 
issued in the selection of appropriate sites (2). 


b) Standardization 


Many entrepreneurs have presented unique designs suitable to meet the 
needs and desires of regions within a country. The standardization of data 
collection, processing and presentation as well as the establishment of 
testing procedures should be reviewed in each country with the expressed 
objective of producing a quality product which can compete with imported 
products. 


All agree on the importance of (1) developing regional manufacturing 
within a country or among countries, (2) standards and specifications in 
order to facilitate an exchange of systems and/or system components and, 
(3) the insurance of a high quality product which is directly related to 
the defined needs of rural and urban communities. 


c) Manufacturing 


Special attention should be given to the development of manufacturing 
of biomass, solar and wind system components. Activities should focus on 
the assessment of relevent industries in a region and the corresponding 
investigation of availability of local resources and_ technological 
capabilities and capacities. 


d) Technical Expertise 


The lack of technical expertise hampers the wide-spread use of 
renewable energy technologies. Experience has already shown that it is 
imperative to have trained, experienced manpower for the installation, 
operation, repair and maintenance of these systems. To achieve this 
objective existing regional, or national training centres should be 
established. If on the other hand, a centre exists the government and 
international donor agencies should provide the infrastructure, finance and 
long-term job security for upgrading the facility consistent with the 
national energy policy. 


e) Social Acceptance 


Social acceptance is the key to _ the promotion of wide-spread 
utilization of renewable energy technologies. Governments should include 
within their national energy program direct input from rural and urban 
communities and a comprehensive promotional program to elevate the 
awareness of the socio-economic benefits of renewable energies. The users 
should be involved in the preliminary design and testing phages and in the 
operation, maintenance, and management of prototype and full-scale 
renewable energy systems. 
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f) Regional Cooperation 


Close regional cooperation will benefit the users in areas where the 
shortage of capital and manpower results in delaying the implementation of 
national energy plans. 


g) Incentives 


A national policy for providing financial incentives should be 
adopted so as to minimize the capital cost. In rural and remote 
communities the utilization of renewable energies not only results in 
direct economic spinoffs but also adds to the quality of life. In these 
areas per capita income is often very low and it is the responsibility of 
national governments to provide substantial financial incentives. 


h) Demand 


Demand for renewable energy technologies stems, from among other 
factors, the need to improve apon the quality of life and small-scale 
industrialization. To this end, the direct involvement of the users is a 
key ingredient in the development of technically, economically viable yet 
socially acceptable systems. National and local governments should accept 
the task of promoting the use and benefits of renewable energy systems as 
an integral part of its energy activities. Integrating renewable energies 
into the global rural development programs in the agricultural, forestry 
and industrial sectors will enhance the growth and development of small- 
scale industries in the rural and remote areas. 


3. RESEARCH — SIMPLE VERSUS SOPHISTICATED 


A group of prominant energy experts from around the world under the 
direction of the International Development Research Centre analyzed the 
directions and issues of energy research in developing countries (3). 
Their report, an exhaustive non-biased analysis, contains several 
conclusions, and in particular, they concluded: 


"International funding agencies play a neutral to negative role 
in building research capacity in developing countries. Large- 
scale, site-specific research required for investment projects 
is funded by large investment funding agencies, whereas small- 
scale research, generally unrelated to production or 
commercialization, is funded by small funding agencies. They 
are not responsible for the lack of connection between policy, 
production, and use on the one hand and research on the other 
that is characteristic of developing countries: that 
disconnection arises from the dominance of multinational 
corporations in the production of capital-intensive energy 
equipment, the weakness of domestic firms in developing 
countries, and the passive energy policies of developing- 
country governments. However, international funding agencies 
also reinforce this disarticulation, and do little to remedy 


the weaknesses of research institutions in developing 
countries." 


Their conclusion is not at all unexpected. One of the important 
goals of a developing country with respect to industrialization is to 
import up-to-date foreign technologies and absord and diffuse them in order 
to strengthen the nation's technological capabilities. However, the other 
industrial goal of developing nations is to manufacture products using 
imported technologies and sell them in the international markets in order 
to earn foreign currency. 


These goals may conflict with one another. To learn, absord and 
diffuse imported technologies a developing country should commence with 
simple technologies which are easier to learn. Yet, to produce products 
that will be competitive in the international markets the prerequisites of 
product quality (precision, standardization and consistent manufacturing 
processes) demand importation of techniques which are in general more 
sophisticated and utilize specialized, automated, numerical control 
mechanisms. These tend to be much harder to learn than_ simple 
technologies. Thus, the importation of sophisticated technologies in order 
to compete internationally could frustrate the process of learning, 
absorbing and diffusing the technologies. 


A national energy policy should therefore choose a course of action 
which is between these two extremes: one is to emphasize being competitive 
in the international markets in the short term and the other is to build 
technological capabilities and capacities in the long term. 


4. PRINCIPLES OF INTEGRATED RURAL DEVELOPMENT 


Rural development is a system of inter-actions of numerous activities 
which when aimed at achieving the objectives of productivity, growth and 
improvement of the quality of life must be carefully scheduled over time. 
If rural development involves self-sustained development then the targetec 
rural population must be both the main actors and favoured beneficiaries of 
the development process in the execution of diversified and coordinatec 
activities. 


Experience has shown that successful integrated rural development (4° 
encompasses the following five basic principles: 


a) Simple, medium-term intervention; an initially limited scale at the 
outset 

b) constant interaction between planning, execution and evaluation 

c) dynamic analysis and in-depth understanding of the milieu 

d) steadily increasing participation on the part of the target groups in 


decision making, in execution and in evaluation 
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e) diversification and Strengthening of the support brought to local 
institutional capacity, both public and private 


These characteristics no longer stem from a rigid top down planning 
"Blueprint Approach" but rather from a process that allows for the 
continuous reorientation of the project based on observed reactions. 
Through this mechanism, a project plan is transformed into a basic attitude 
characterized by strategic thinking which is continually generating action 
~ a systems approach. 


5. RESEARCH AND DEVELOPMENT 


Research can assist national energy policies provided it is carried 
out by well-endowned, professional research institutions who provide 
independent advice to government, and industry (5). Governments should 
assist in the development of regional and/or national research centres and 
provide incentives to stimulate innovation. To date, the extent and 
effectiveness of research and development leaves room for improvement. 


Research is well understood in developing countries and it could be 
argued that there is too much of it and too little development. 


Consider as an example, the reported analysis of 365 research 
projects in new and renewable energy in Latin America (4). Seven percent 
of the projects were directed to commercialization and twenty-eight percent 
were projects that may eventually have commercial potential. The balance, 
65% of the projects, were in areas where it was too early to commercialize 
the results of the research. In developing countries public funds are more 
liberally available to research institutes that are not attached to 
producers and many of these research institutes are State owned. 


Development is not simply a function of funding but requires special 
managerial skills. Emphasis needs to shift from basic research and 
development to research and development which will result in 
commercialization and dissemination of the socially acceptable products 


(6). 


It is this author's opinion that research must depend on informed 
user capability, the continuous accumulation of knowledge, clear direction 
for research and goal-oriented funding. The informed user judges the 
problems, the quality of research and diffuses the results. The user must 
be trained to do and judge the research and from time-to-time update their 
knowledge. Knowledge takes time to accumulate and requires facilities and 
libraries to be used by the researcher in the system of learning and 
problem-solving. Researchers need to plan their career so as to increase 
their knowledge and versatility. To facilitate these essential 
requirements goal-oriented funding will require long-term investment in 
areas of importance to research users and the exploitation of the 
importance through projects leading to commercialization which will be of 
benefit to the needs of both rural and urban consumers. 
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ABSTRACT 


In many tropical countries such as Puerto Rico, domestic 
energy supplies must be developed to reduce dependance on 
imported fossil fuels. Sugar cane, generally thought of a 
source of sucrose, is perhaps the most promising single 
biomass energy resource available to the Caribbean. For over 
a decade, significant research programs in Puerto Rico have 
focussed on unlocking the enormous potential of sugar cane 46 
an energy crop. This paper presents an overview of recent 
studies of high tonnage cane conducted at the University of 
Puerto Rico and presents data illustrating the technical and 
economic feasibility of utilizing this valuable renewable 
resource as a source of both food and fuel. 


1. INTRODUCTION 


The island of Puerto Rico depends almost exclusively on 
imported oil for its energy needs. In 1987 it imported 
millions of barrels of oil at a cost of approximately $360 
million. The total electric power installed capacity of 
4,200 MW supplies its 3.3 million inhabitants. If the island 
jg to become more energy self-sufficient, it must substitute 
oil as quickly as possible, preferably with renewable energy 
resources. Given its tropical environment, it is logical to 
consider solar energy alternatives. Of the solar 
alternatives available, biomass, specifically highly 
productive plant crops, offers the best short-term potential. 
One of the finest potential energy crops and one with which 
Puerto Rico has had long experience is cane. During the past 
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decade, University of Puerto Rico research and development 
programs have demonstrated the enormous potential of 
multiple-use cane production technologies. 


2. DEVELOPMENT OF THE ENERGY CANE CONCEPT 


While sugar cane has traditionally been grown in Puerto 
Rico and throughout the Caribbean as a source of sucrose, it 
must now be reevaluated as an energy crop [2]. Due to rising 
production costs and falling market prices for sugar, sugar 
cane offers little economic potential as a food crop. In 
most countries, the sugar needed to satisfy domestic demand 
can be easily produced on a relatively small land area. As 
an export crop, the market potential for sugar and molasses 
is limited by reduced sugar consumption resulting from 
competition from high fructose corn syrups [3] and other 
sweeteners, low world market prices and excess production. 
However, as a renewable energy crop to replace imported 
foseil fuels, sugar cane’s largely unexploited economic 
potential remains great [4]. 


The energy cane concept developed in Puerto Rico is 
based on the management of sugar cane not for maximum sucrose 
yield, but for maximum dry matter production (total 
fermentable sugars and combustible solids). The production 
of energy cane rather than conventional sugar cane involves 
important changes in agronomic practices to emphasize growth 
and tonnage rather than the sugar content of the cane. Under 
the leadership of Dr. Alex G. Alexander, the Biomass Division 
of the Center for Energy and Environment Research (University 
of Puerto Rico) has conductéd research on multiple-use cane 
in Puerto Rico since 1977, obtaining average cane yields 
three times greater than those obtained by the island’s sugar 
industry. These dramatic results have been realized through 
changes in key management practices such as the selection of 
high-tonnage varieties, improved land preparation, optimal 
fertilizer application, improved irrigation and harvesting 
techniques and the inclusion of cane tops and leaf “trash” in 
the final yield calculations. 


Energy cane varieties have been developed through a 
process of careful selection and breeding. Sugar cane 
varieties selected for energy production must be vigorous 
growers with high rates of tillering and optimal production 
of dry matter, fiber and total fermentable solids, not 
necessarily those with the highest sucrose yield. In Puerto 
Rico, the "first generation" of energy cane used for cane 
biomass research included three high-yielding commercial 
sugar cane varieties: PR 980, NCo 310 and PR 64-1971. 
Average yields for these “first generation" exceeded 180 
tonnes of millable cane/ha/yr in both plant crops and ist and 
2nd ratoon crops [2]. 


The “second generation" biomass varieties (US 67-22-2 
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and B-70-701) were selected for high biomass (fiber and 
fermentable solids) rather than sucrose yields. Total green 
matter yields for an 18-month crop averaged 369 t/ha (for US 
67-22-2) and 304 t/ha (for B-70-701). 


The "third generation” biomass varieties are being 
developed in a limited hybridization program begun in 1973 
(7]. Highest production to date, obtained from progeny 79-1- 
10, amounted to 212 t/ha/yr (green weight) with 21.6% fiber 
compared to 14% fiber for US 67-22-2. Breeding work in 
Louigiana has produced progeny L 79-1002 with 25.5% fiber and 
216 t/ha/yr green matter [6]. 


At present, average cane yields in most sugar-producing 
countries of the world are approximately 58 t/ha/yr (millable 
etalk, green weight), or a total of 73 t/ha/yr if cane tops, 
leaves and leaf “trash” are included. On a dry weight basis, 
thig total is equivalent to 18 t/ha for a 12-month crop. 
Production of 135 t/ha/yr green cane ig not uncommon when 
adequate water and fertilizer is available. In contrast, 
energy cane grown in Puerto Rico in a 12-month commercial 
trial [7] produced as much as 280 tonnes per hectare green 
whole cane (or 112 t/ha total dry matter) using energy cane 
variety US 67-22-2. 


When evaluating cane as an energy source, it is 
important to consider the composition and potential energy 
yield of the crop components. Typically, a tonne of whole, 
green, mature, unburnt cane in the field consists of 600 kg 
of millable cane (100 kg dry matter) and 400 kg of tops and 
leaves, or “field trash" (200 kg dry matter) [8]. In normal 
cane milling and sugar processing operations, approximately 
75% of the residual organic material remaining after grinding 
the millable cane (“bagasse”) is immediately used for boiler 
fuel to produce process steam and steam to generate the power 
required by the mill itself. Thus, for each tonne of cane in 
the field, approximately 225 kg dry matter is potentially 
available for use as a boiler fuel to generate electricity 
for use outside of the sugar mill complex, 200 kg from the 
generally unused “field trash" and 25 kg from excess bagasse. 
This 225 kg of dry material has an energy value of 
approximately 1.01 million kcal, equivalent to the energy 
value of 0.68 barrels of fuel oil [8]. In Puerto Rico, for 
example, with its current annual harvest of 1.3 million 
tonnes of cane on 22,500 ha, excess bagasse and “field trash” 
represent an annual potential fossil fuel replacement of 
approximately 1.5 million barrels of fuel oil [9], a 
significant proportion of the island’s current imports. 


It is common practice in many sugar cane growing areas 
of the world to burn the cane fields immediately prior to 
harvesting. While this practice facilitates recovery of 
millable stalks, it is a wasteful practice from the point of 
view of maximizing energy yields as it effectively precludes 
recovery of energy-rich leaves and "field trash". 
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In contrast, energy cane arriving at the cane processing 
Plant consists of the whole, unburnt cane stalk, including 
both millable cane and tops, and associated leaf material. 
The utilizable, combustible organic matter, or bagasse, 
consists mainly of fiber from the stalk, tops, and leaf trash 
that remain following Srinding at the cane mill. A ton of 
bagasse dried to a moisture content of 6% has a caloric value 
of 17.4 x 109 J with an electrical equivalent of 4,348 KWH. 


The fermentable juice extracted from the cane is usually 
converted into sugar and molasses. The molasses is used in 
cattle feed or fermented into alcohol with a yield of 0.37 
liters of ethanol per liter of molasses. Alternatively, cane 
juice can be fermented directly without producing sugar or 
molasses to obtain 65 liters of ethanol per ton of cane. 


3. THE MULTIPLE-USE CANE COMMERCIAL DEMONSTRATION PROJECT 


A two-year Biomass Demonstration Project was conducted 
between 1986 and 1988 on 105 hectares of farmland at Santa 
Isabel, Puerto Rico to evaluate on a commercial scale the 
potential biomass and sugar product yields and economic costs 
(from land preparation through harvest) for producing several 
multiple-use varieties using improved gravity and drip 
irrigation technologies. The varieties grown were PR 66- 
2281, PR 67-1355, PR 67-1070 and US 67-22-2. A number of 
important results and conclusions applicable to the 
development of cane energy systems elsewhere in the world 
were drawn from this Project [10], and are discussed below. 


Growing high tonnage cane using good irrigation and 
sound agronomic practices presented no significant problems 
at Santa Isabel, located on the gouth coastal plains of 
Puerto Rico. Average monthly production rates in thig study 
ranged from 17 to 23 t/ha of millable stalk and 20 to 27 t/ha 
of whole cane for both the Plant crop and first ratoons (see 
Table 1). 


While total biomass production rates were comparable 
among the cane varieties tested, the composition of the cane 
crop did vary with variety. For example, mature stalk 
comprises 85%, 74%, and 68% of the total biomass produced for 
a 12-month crop of PR 66-2281, PR 67-1355 and PR67-1070, 
respectively [11]. These varietal differences in plant 
composition are important when considering use of the plant 
crop as a biofuel. A high leaf:stem ratio may appear to be 
desirable as the production of tetal fiber per hectare may be 
maximized. However, when considering the harvesting, 
materials handling and processing, a high stem:leaf ratio igs 
definitely preferable as the total product may be handled 
more efficiently by conventional harvesting and processing 
systems [11]. 
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In this Project, approximately 77% of the farm area 
utilized drip irrigation systems. The remaining area 
utilized graded furrow (19%) and graded border (4%) 
irrigation. Little difference was noted in cane production 
between drip and gravity irrigated areas. In addition, total 
irrigation water input was approximately the same for both 
irrigation systems; plant crops needed 137 to 145 cm of 
water/yr and ratoon crops about 109 ecm/yr [10]. A definite 
linear relationship was found between the amount of water 
applied to the crop and the the amount of Plant biomass and 
Sugar produced. Approximately 59 to 72 tonnes of water are 
needed to produce one tonne of whole, green cane; 70 to 105 
tonnes are used to produce one tonne of mature stalk; and 200 
to 350 tonnes of water are needed to produce one tonne of 
cane dry matter. 


Harvest systems used in the Santa Isabel Project 
included both manual harvests and mechanical (Claas combine 
chopper-loader) harvesters. Harvesting efficiency was much 
greater for manual than for mechanical systems. The 
proportion of the standing crop of millable cane lost by 
these systems were approximately 9% and 30% for the manual. 
and mechanical systems, respectively. Currently available 
combine harvesters are inadequate to efficiently harvest high 
tonnage cane, particularly in fields utilizing drip 
irrigation systems. Manual harvest appears to be the harvest 
method of choice until appropriate mechanical harvesting 
Systems are designed to handle high tonnage cane {i0}. In 
the case of manual harvests, a separate collection of tops 
and leaves (“field trash") using currently available forage 
harvesting machinery is recommended [9]. 


4. THE AGUIRRE BIOMASS ENERGY FEASIBILITY STUDY 


The Center for Energy and Environment Research is 
currently completing a study assessing the technical and 
economic feasibility of developing a complete tiomagss energy 
production and utilization system based on multiple-use cane 
produced in the vicinity of the Aguirre sugar mill in Puerto 
Rico. This study, sponsored by the Puerto Rico Office of 
Energy, is closely linked to the Commercial Demonstration 
Project discussed above. 


As presently envisioned, approximately 5,000 hectares of 
cane farmland currently supplying the traditionally-managed 
sugar mill at Aguirre will be managed for high-tonnage cane 
production using the improved techniques tested on a 
commercial scale in the Demonstration Project. The cane 
would be delivered to the mill and processed for sugar and 
molasses extraction. Given expected crop yields, the bagasse 
produced at the mill along with the additional “field trash" 
collected at harvest would be sufficient to fuel a high- 
pressure boiler and turbogenerator with a total generating 
capacity of approximately 25 MW on a year-round basis. 
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Approximately 20% of the total generating capacity would be 
used to operate the mill complex; the remaining 80% would be 
sold through Puerto Rico’s Electric Power Authority. 


Current estimates indicate that the Project will indeed 
be economically viable. The combination of increased sugar 
product yields and the excess electric power produced using 
cane biomags are expected to offset within a few years the 
initial investments required to improve productivity at the 
farm level and to build and operate the new 
boiler/turbogenerator unit at the Aguirre mill. In addition 
to substituting locally-produced biomass fuels for imported 
oil, if implemented, this project will help to stabilize an 
otherwise faltering sugar industry in Puerto Rico through 
improvements in agricultural production and processing 
methods and efficient use of previously underutilized 
biofuels. 


5. CONCLUSIONS 


Sugar cane is perhaps the most promising single biomass 
energy resource available to many parts of the world, 
particulary in tropical regions, where an estimated 600 
million tonnes are harvested annually. Through careful 
genetic selection, improvements in agricultural production 
techniques and adoption of efficient, innovative harvest and 
conversion technologies, this crop has great potential as a 
biofuel. Research and development programs in Puerto Rico 
have resulted in dramatic yield improvements, and have 
demonstrated the technical and economic feasibility of using 
this valuable renewable resource as a source of both food and 
fuel. 
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ABSTRACT: 


Variable load on a power plant is a feature which is governed by the 
requiremsnts of the consumers. The variation in load is a major source of 
power loss. Proper efforts, if put in minimising the variation of load, can 
lead to a lot of saving in terms of fuel or money. 


A case study concerning the Tripoli regional network is presented in 
the paper to support the idea. 


INTRODUCTION: 


Due to the fact that electrical energy can not be stored economically 
the momentary demand and the corresponding generating and distributing capa- 
city has to be matched to one another. The variation in demand is dictated 
by the rhythm of the life of the population served or production processes 
in industry. Climatic conditions have a decisive influence. Such parameters 
as temperature, light-intensity, atmospheric humidity, wind-speed etc. cont- 
ribute towards determining the shape of load curve. 


Variation of the load on a power system with the hours of the day *.: 
poses conditions for the plants to be met successfully all the time to 
satisfy the customer needs. Customer requires electrical energy at a 
certain quality and quantity at the agreed cost. 


The load in a utility system is usually a mixture of several types 
e.g. industrial, agricultural, residential, municipal etc. Each type has 
its own distinguished pattern of daily and seasonal variation and the total 
system load curve is formed from all of them. 


The presence of peak and off-peak loads ona daily load curve present 
constraints on the utility in trying to meet these variable requirements by 
putting the generator units on and off frequentiy. This results in an 
uneconomic running of these units which means costlier energy. 
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2. LOAD MANAGEMENT: 


To reduce the number of peak and off peak loads and the difference 
between these values, i.e. to have a more flat load’ curve, some kind of 
management (control) of the customer load and the utility program is needed. 
Several ways have been tried to achieve this goal with different results 
for different utilities and customer conditions. 


Methods of load management can generally be classified into direct 
and indirect methods. In the former type, the utility controls directly 
certain types of its customer loads e.g. water heaters, air conditioners 
etc. by switching them on and off according to the load on the system and 
hours of the day through certain Signals sent to the load via a certain 
communication link connecting the supplier to the receiver. In the latter 
type, the shift of loads is achieved through inducing the customers to 
change their patterns of loads i.e. the time of their maximum and minimum 
loads in a way to help flattening the total load curve of the utility. This 
can be done through mutual understanding and agreement or by implementing 
a tariff policy directed to serve this goal by charging higher rate per KWh 
for loads at utility peak hours and lower at off peak ones. 


Whether to apply direct or indirect method of load management , depends 
on the utility as well as the customer's specific conditions. Load manage- 
ment offers considerable savings in the use of electrical energy by creating 
awareness among the users regarding the cost involved and the actual value 
of the energy. It helps in reducing the generating cost through more econo- 
mical use of the generating facilities. 


Both direct and indirect methods have been applied in several utili- 
ties in different countries with varying degree of successful results in get- 
ting the desired shift in the customer load with accompanied reduction in 
electrical energy consumption levels. 


It is to be noted that the expenditure involved particularly in dire- 
ct load management installation of System equipment and their Operation and 
maintenance should be kept low enough to justify the introduction of load 
management program. The social impact of toad management is an important 
factor for due consideration when assessing the program to guarantee adequa- 
te social acceptability to the possible inconvenience the program applicati- 
on may introduce. 


3. TRIPOLI LOAD: 


Wita regard to the generation and distribution of electrical energy, 
the Jamahiriya is divided into four regions of Tripoli, Benghazi, Sebha and 
Sarir. The average daily load curve of a typical day of the first Feb. 1988 
is given in Fig.1, giving the qualitative and quantitative idea of loads in 
the regions. It is clear from the figure that the Tripoli load is highest 
of all and the variation throughout the day is also remarkable. Therefore, 
the present study is confined to the Tripoli region only. 


The naturezof the Tripoli load can be studied through Figs 2-4. Fig. 
_2@ depicts the yearly load curves for two years of 1986 and 1987. It is to 
be concluded that load during the months of January-March and during July 
and August is more white during November it is the minimum of the year. 
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Typical winter and summer season daily average load curves for repre- 
sentative days of years 1982 to 1988 are shown in Figs. 3 and 4 respectively. 
For the years 1985 to 1988, in winter, two peaks are occuring around 10.00 
A.M and 7.00 P.M while the minimum load is during .2-5 am (Fig.3). A closer 
took at the Fig. 4 discloses that for summer season, peak load was seen 


around 9.00 pm while the minimum load during 3-5 am 
4. LOAD MANAGEMENT FOR TRIPOLI AREA 


The Tripoli load can broadly be divided into four types of resident- 
jal (35%), agricultural (30%), industrial (20%) and commercial and municipal 


(15%) . 


The base load is met by steam turbines and the peak load is taken 
care of by Gas Turbines. Out of the total installed capacity of 1603 MW, 
steam turbines share 1105 MW while the rest 498 MWs are shared by Gas Turbi - 
nes. As the installed capacity is more than the maximum possible demand, 
various load management techniques are not popular, but due to the rising 
standard of living and due to the implementation of the National socio-econ- 
omic development plans, load is constantly rising and it may not be possible 
to pace the increase of load with the increase of installed capacity. There- 
fore, it is highly desirable that load management techniques are implemented 
in the Jamahiriya. 


.5,. RECOMMENDATIONS. 


Based on the present state of affairs and the local prevailing condi- 
tions, the following recommendations are made: 


1) Data collection, documentation and analysis ‘have to be enhanced for 
effective load management. The quantitative idea of each type of 
load and its duration for each sub-station will help power engineers 
to control the amount of electricity generated and it will result ir 
a lot of savings. Digital computers can be used for this purpose. 


2) In a typical summer night the load is of the order of 400 MW during 
off-peak hours while the same may rise to a value of 900 MW during 
‘certain hours of the same day. A tariff policy encouraging off-peak 
energy consumption may be planned and implemented. 


- 3) Load staggering may be helpful in providing cheaper electricity LO 
consumers. Irrigation is more during summer season (i.e. May-Sept.) 
and the farmers may be provided power during night hours. Industries 
may observe different days as their weakly off days. Two shift cr 
general shift units may be asked to have round the clock production 
program. This will reduce the load during peak periods. 


4) More use of non-conventional sources of energy is the need of the 
day. Though solar, wind, ocean,thermal and wave energy sources are 
immense in the Jamahiriya, but only solar energy can help in fulfill- 

toy ing the power need of the country. Solar radiation in watts per m 
is of the order of 270 for Libya. Solar water heating and solar cook- 
ing shauld immediately be made popular among general public. Ata 
later stage, solar refrigeration has to be introduced. These equip. 
ment may be provided at subsidised rates to common people and techni- 
cal assistance may be available free of cost. 


5) 


There is little awareness of need for energy conservation in the 
country at present, presumably, because the home demand of energy is 
small in relation to the exports of energy. However, the home energy 
demand is increasing and it is essential to consider ways of conser- 
ving energy. Electrical distribution losses are reported to be of the 
order of 30 per cent which is a very high figure. By having better 
design of buildings, energy needed for illumination can-be saved toa 
large extent. All-round efforts are to be made in educating the 
public in this regard. Posters, advertisements in news papers, and 
on T.V., exhibitions, etc. may prove to be helpful in this direction. 
Public awareness regarding energy crisis will lead very good results. 


Generation and distribution losses are to be kept at minimum level. 
Technical staff responsible for these duties should be properly 
qualified and short term training programmes should be conducted to 
keep them abreast of the latest developments in the area. 


6. CONCLUSION: 


Load management, direct or indirect, can help in conserving energy 


through improving the system load curve. Local conditions of the utility 
and customer determine the PPOPSE method to be applied for achieving this 


eeu 


The paper through. the available information on the Tripoli Electrical 


System suggests preliminary steps leading to a suitable load management 


program. 


Further studies can bé carried out to assess the totality of the 


problem. 
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Conserving Energy Through Better Plant Design 


Dr. H.S. Shan 
Department of Mechanical & Industrial Engineering 
University of Roorkee, Roorkee 247 667 (India) 


To carry out industrial processes using minimum energy 
consumption has become one of the challanging task of the 
designers and engineers today. During the last decad=2 
there has bheen a clear shift in emphasis from cast 
economic design to energy economic designs of plant and 
machinery. This paper reports a study conducted in Indian 
industries on the scope for energy conservation. It is 
shown that in mechanical and chemical and allied 
industries, quite a good amount of energy cansumed can be 
saved by the efficient use of properly designed processes, 


equipment, and systems. Also given in the paper. are the 

cost - benefit analysis of some of the enerey saving 

proposals. 
1.INTRODUCTION 

The need to conserve energy in industry to-day is 

particularly important in view of the rising costs and; at 
least in the short to medium term, potential shortages because 
of depleting reserves of fossil fuels. Whether influencec by 


costs or by social responsibility the industry must initiate 
action to implement energy conservation programmes. Studies are 
being conducted to improve the industrial processes and plant 
machinery from the point of view of energy consumption. The 
energy managers, therefore, needs to have accurate and up-to- 
date information on energy saving techniques and equipment 
available. He ought to have a say in the selection of new 
machinery to be purchased. For the equipment already existing 
in the plant, he must concern himself with such questions: How 
efficiently is the energy used ? Can it be improved ? How ? 
What energy savings will result and how much will it eost ? In 
this paper an attempt is made to highlight various programmes 
which can be implemented to modify the machinery or equipment 
so as to effect savings in energy. The matter reported here is 
based on the results of a study conducted in ten Indian indus- 
tries on the implementation of energy conservation programmes. 


@.ENERGY SAVING PROGRAMMES 


The programmes of energy saving can be grouped as under. 
Ci) Low cost activities, e.8., good house-keeping, use of 
temp. control systems, application of proper insulation, etc.. 
(iid Use of energy recovery techniques 
C€iii)d Use of energy efficient processes. 


2.1 Low Cost Activities. There are a number of activities 
which donot cost much but are quite effective in saving energy 
in a plant. One example of this is the use of thermal 
insulation for reducing heat loss. Some of the important 
activities which can be carried out in conjuction with commonly 
used equipment in mechanical and chemical engineering 
industries are considered here. 


ae era | Thermal Insulation. The most common form of thermal 
insulation used in industry is the Fibrous material applied as 
lagging on pipes, boiler hotwell and condensate return lines, 
and fuel storage tanks. Presently, the application of thermal 
insulation is mostly on adhoc basis, applying as and when 
convenient. The selection of proper material for thermal insu- 
lation and its thickness are critical parameters [1]. There are 
a number of materials available, each one suited to a parti- 
cular environment. The optimum thickness of thermal insulation 
is related to the trade-off between the cost of insulation and 
that of heat loss, Figure 1. 


Cost 


Lost heat 
cost 


Insulation cost 


Thickness 
Figure | 
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Thermal insulation of hot liquid surfaces is becoming 
quite important these days. One technique being effectively 
applied is based on the use of hollow polypropylene balls. 
These balls float on the surface of the liquids ag ‘blanket’ to 
provide almost complete cover without the disadvantages of 
solid lids. The material is resistant to to most acids and 
other industrial fluids and can be used at temperatures 
considerably higher than the boiling point of many fluids. One 
or more layers of balls may be used depending on the extent of 
heat loss permitted. In one typical case, water was to be 
maintained at constant temperature of 90 deg C. Heat loss from 
the water was reduced by 75.5 percent with double layer af 
balls. Such a technique not only saves fuel but also keeps 
more uniform temperature (important to many process industries?) 
and low level of evaporation. 


2.1.2 Boilers. If a boiler system is producing steam or hot 
water, the use of adequate amount of insulation on at least all 
main lines is essential. Leaks should be repaired as soon as 
possible. The storage tanks may be used to conserve energy by 
receiving hot water during off-peak periods. 


Efforts should be made to recover heat from boiler 
condensate and boiler flue gases as this has been found ta save 


as much as 20 percent of boiler fuel input. Boiler blowdown is 
a source of heat and should be recovered in a blowdown heat 
exchanger. It is found to be economical particularly in 


instances when poor quality feed water necessitates frequent 
blowdown. 


Maintenance of the boiler itself is also not less 
important. Cleaning of the shell and tube sides, and burner 


combustion efficiency affect fouling as well as heating rates. 
Humidification of the combustion air supplied to the boilercan 


help in preventing boiler fouling. During burner - off periods 
boiler flues can be isolated to take full advantage of the 
thermal storage capacity of the boiler. For this; use can be 


made of any of the several available devices. 


2.1.3 Chimneys. Chimneys working on natural drought are most 
susceptible to growing contamination. It is important to 
regularly inspect the top of the chimneys, becuse if tar, grit, 
or any other contaminants have deposited there, it can lose as 
much as 50 percent of its effective area, thereby seriously 
affecting the ability to maintain a sufficient drought. 


A combination of induced and forced draught system should 
be preferred the forced draught fan may supply primary air for 
the combustion process and secondary air for the burning of 
volatile matter. Forced draught systems tend to operate with 
chimney base temperature about 40 percent below those of a good 
natural draught system, witha proportional reduction in flue 
heat loss. In a poor natural draught installation as much as 30 
percent of the heat in the system may dissipate through che 
flue gases. If the chimney top is choked and the inside of the 
etack contaminated , heat losses can be 50 percent greater than 
when the natural draught system is properly maintained. 
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2.1.4 Combustion systems. A good amount of energy can be saved 
by raising the fuel consumption efficiency of boiler, furnaces 
and other heating plants which use coal, oil, or gaseous fuels. 
In general, combustion efficiency can be improved by using a 
better burner and/or by installing a control system which can 
adjust air-fuel ratios as necessary depending on load and 
ambient conditions. Performance is improved if the burner 
provides the required flame geometry and the flame is directed 
to where it will be used most effectively. In one case 
Significant fuel savings resulted through the use of a 
specially designed burner. This burner was developed to meet 
the requirements of high heating rates in furnaces and it used 
the concept of very rapid recirculation of the heating medium 
Within the furnace chamber, heat transfer to the load being 
accomplished by forced convection at all stages of the cycle. 


In case of large furnaces automatic flow control systems 
which operate either hydraulically or electronically may be 
used. These control systems monitor combustion chemistry and 
adjust the flow for optimum efficiency. Further technical 
advice on the design of burners and combustion performance of 
different fuels is available from consulting agencies like 
Indian Institute of Petroleum. 


2.1.5 Compressed Air Systems. Compressed air is used in a 
plant very freely often ignoring the fact that it is a compara- 
tively expensive form of energy. The compressors consume 
electricity oor in some cases oil or gas fuel, and the 
compressed air is too expensive to be used for applications 
Which can be avoided, or for which cheaper methods”) are 
available. It is however possible to reduce the cost of 
compressed air systems by measures like plugging any leaks in 
the air lines, reducing the system pressure to the lowest 


acceptable for the application, etc.. 


2.1.6 Dryers. Dryers constitute important part of a large 
number of industrial processes. Drying is of several types but 
separation of any liquid from a solid is the one commonly used 


in industries. The separation can be carried out either 
mechanically, for instance by centrifugal processes, or 
thermally by direct or indirect heating. It is seen that 
potential for energy conservation is higher in thermal drying 
processes, and the following guidelines are useful in this 
regard. 

1 Use natural drying process than hot air or § steam 
method. An example application of this guideline is in timber 
seasoning. 

2s Remove moisture from the product upto the extent just 
required. Over heating not only consumes additional energy, it 


may also be detrimental to product or to product quality as 
well as rate of output. 

3 6 When dryers have to be used, care should be taken 
that the material has the least moisture content prior to 
drying. For this the material may be covered when stockpiled 
if in a damped atmosphere, or arrangement made so that some 
natural drying can take place. In some industries as much as 


29 


10 percent of the fuel needed in the dryer has been saved by 
only a 1 percent reduction in aggregate moisture content. 


2.1.7 Furnaces. Furnaces are among the greatest users of energy 
in industry, and are prime candidate for the application of 
energy conservation techniques. In one industry furnaces used 
were having natural draught systems with a low heat transfer 
efficiency of around 65 percent. Use of forced draft fans and 
an air preheater raised the efficiency to as high as 894 . In 
another case a 1 percent efficiency improvement in a furnace of 
30 millions Watt firing capacity yielded a saving of Rs.4 lakhs 
per annum Ce). 


2.2 Energy Recovery. In some industries there may be certain 
items of plant which can usefully employ waste energy recovery 
equipment and thereby raise percent utilisation of energy. 
These equipment although require considerable investment, the 
returns on investment are usually high. It is recommended that 
before actually considering the use of any of these equipment a 
cost - benefit analysis be carried out under the existing 
conditions. If more than one alternative is being considered, 
the one which gives shorter pay-back period should generally be 
preferred. . 


2.c.1 Boilers. In case of boilers heat recovery can be 
accomplished by the use of 


(4) Boiler air preheaters 
(ii) Boiler condensate return 
(iii) Recovery of boiler blowdown. 


A boiler preheater recovers heat from the flue gases and 
preheats the combustion air. The quantity of heat recovered 
must be weighed against the capital cost of the preheater and 
the cost of equipment modifications that may be required to be 


carried out. Returning the boiler condensate to the boiler as 
boiler feed water may result in a saving of 10 to 20 percent of 
the amount of fuel used for steam making. To overcome the 


problems associated with intermittent blowdown of boilers when 
total "dissolved solids'level is high and generation rates are 
Low , it is recommended that continuous blow-down of the boiler 
be carried out if the average boiler requirement for blowdown 
exceeds 10g per sec because this has considerable potential for 
waste heat recovery. Further this system can also be fully 
automated without interfering with the boiler steam raising 
rate or pressure. 


2.2.2 Combustion Burners. In order to improve the thermal 
efficiwncy ef small size batch forge furnaces, which in some 
cases may be as low as 10 - 15 percent (because approximately 


70 percent of the heat supplied gets lost up the flue), use may 
be made of a recuperative burner which incorporates the 
functions of burner, flue, and recuperative into a single unit. 
In this a counter-flow gas-to-gas heat exchanger surrounds a 
high velocity nozzle -mixing burner. The outlet for the spent 
furnace gases is located on the top of the burner enclosure. 
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Figure 2 shows one such burner developed by British Gas 
Corp. Applications where this type of burner has demonstrated 
its good efficiency and fuel economy include forge furnaces, 
reheating furnaces, intermittent kilns, soaking pits and heat 
treatment. Reference to some other types of efficient burners 
can be made in (3]. 


2.2.3 Dryers. It is recognized that control of dryer conditions 
minimizes the energy consumption considerably. Further decrease 
in energy cost can however be achieved through the use of heat 
recovery systems. There are several WayS in which this can be 
accomplished. 


A heat exchanger can be used to recover the heat from the 
air exhausted from a dryer before it is finally rejected to the 
atmosphere. Many designs of heat exchangers are available. 
Figure 3 shows a run-arund coil type of heat recovery system 
used oan a continuous dryer. In this type, the coils in the 
inlet and exhaust ducts take the form of extended surface heat 
exchangers. The circulating fluid may either be water or some 
other high temperature organic heat transfer fluid. Use of 
this system permits savings of upto 50 percent in the amount of 
heat required by inlet burners. Another efficient design of 
dryer which is used for pulp, powders, pellets, or any granular 
material, and which employs heat from the exhaust gases is 
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Figure 3 


called the turbo-tray dryer. In this type of dryer, a series 
of superimposed annular shelves are mounted in a # rotating 
frame. Wet material is fed to the top shelf wherefrom it is 
carried in a thin layer on the rotating trays. The speed of 
rotation is so adjusted that after each tray has completed cne 
revolution the material gets dried so that it can be removed. 


Yet, another type of dryer used primarily for batch pro- 
cessing in which wet particles are suspended in a vertical 
airstream to be dried by forced convection is called fluidised 
bed dryer. The use of waste heat from the boiler flue makes 
this type of dryer economically quite attractive. 


e.c.4% Furnaces. Different energy saving techniques have been 
tried with success on furnaces of different types used for 
different purposes ( like melting, heat treatment, etc. >). For 
example, in case of iron melting furnace Cupola, the use of 


divided blast system can reduce coke consumption by about 25 &%. 
This is a simple system in which the air required to burn the 
coke is blown into the cupola through two (instead of a single?) 
rows of tuyeres correctly spaced apart. The capital cost of 
installing this system is so low that payback period is only 
about two months in some cases. 


2.3 Energy Efficient Processes. There are several industrial 
processes which were originally developed for specialized jobs 
and were hitherto being considered approperiate only for high 


technology industries. With improvement in technology, these 
procesges can now be used in most other industries also for the 
purposes of heating, welding, and cutting with less energy 


consumption than other commonly used conventional processes. 
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The following gives a brief description of same of these 
processes. 


Cemai Heating. Dielectric and microwave heating od fers 
considerable amount of saving of time and energy when heating 
materials having poor thermal conductivity because with this 
technique heat is generated throughout the component body, 
independent of the thermal conductivity. To apply dielectric 
heating » material to be heated is put between two electrodes 
connected to a high frequency generator. The electrodes may be 
in contact with the material or Separated to allow a canveyer 
to pass between them. In microwave heating, unlike dielectric 
heating, the very high frequency energy penetrates more deeply 
into the work material and alsa the means of application are 
more flexible. The superiority of microwave heating over 
dielectric heating was also noticed by Dunlop €4] during the 
development of a method of preheating conveyer belting prior to 
vulcanisation. Using microwave preheater, aA reduction of 
curing time of one third was obtained. 





2.3.2 Welding. In Electron Beam Welding, a focussed stream of 
fast moving electrons is used to generate the high energy for 
weld two metal pieces. By concentrating all the energy 


directly at the weld joint, and ensuring that the energy in the 
electrons is effectively converted into heat , the process is 
inherently an efficient user of energy. A number of other 
features of the process which ensure minimum material waste 
also indirectly contribute towards energy conservation. Due ta 
relatively low but highly concentrated heat input a weld with 
high depth/width ratio and uniformly distributed stress is 
obtained. More advantages and detaile of the equipment for 
this process can be seen in reference [5]. 


Laser welding is somewhat similar to electron beam 
welding in so far as operating advantages and metallurgical 
benefits are concerned. In most industrial aprlications laser 
welding is preferred because no vacuum chamber is needed, anc 
the unit is simple with a wide range of weld powers. The same 
optical system and shield gas can be used far welding most 
metals, ranging from steel to zirconium. The rate of welding 
is extremely fast limited only by the rate at which job can he 
fed to the welding machine. The quality of weld can be eguperhb 


With component rejections just eliminated, leading to indirect 
coservation of energy. 


2.3.3 Machining. A detailed description of the various energy 
efficient machining processes is given in [6]. 
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MAINTENANCE PROBLEMS IN POWER PLANTS IN LIBYA: 
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ABSTRACT: 


The maintenance problems in the power plants ir Libya is one of the 
most important subject of concern. The objectives of the maintenance in 
any operating plant is to produce power with minimum cost and down time. 
The main factors on which maintenance depends are maintenance organisat- 
ion structure, spare parts inventory labour force er.d maintenance system 
applied. These are discussed in detail. 


The important points have been suggested for good maintenance in the 
concluding remarks. 


INTRODUCTION: 


The electric energy generation is considered to be an indication of 
civilization progress. It covers the demand of energy required in the 
devektopment of agriculture, factory, domestic use which increases the 
production in that field and then it leads to a gecd eccncmy and self 
independency. 


The evolution of the oil fired power plant industry has brought about 
big changes in the function of plant engineering. Present day production 
machines and processes have received all recognition from their forebears. 
They have become complex, intricate ard incorperete in some of the most 
advanced engineering techniques. Electronics, hydraulics and pneumatics 
have come to share in the replacement of conventional electrical and mech- 
anical system to give easier, quicker and more readilyvadjustable controls, 
Computer, automatic control methods and tc scme cegree automation could 
in fact be considered as major features of the present power plant system. 


The objeetives of maintenance in any operating power plant is to 
produce power with minimum cost and down time. Therefore all the activi- 
ties within the plant should be so organized and co-crdinated that their 
over-all effect should increase the productivity. To achieve this, the 
production must be carried out in the most efficient and economic manner. 
The unscheuuled stoppages should be avoided. 


Continuous efforts are being made to reduce or stabilize production 
ecst inspite of increasing inflation, thus making increased machine utili- 
zation on economic necessity. 


Modern power plants require heavy capital expenditure making 'Down 
time' extremely costly. To ensure maximum system availability and relia- 
bility, regular maintenance must be carried out. This maintenance must be 
carefully planned in conjuction with production requirement and schedules, 
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So that it causes the minimum Stoppages and loss of production. Inadequate 
maintenance can lead to damage which is extremely costly not only in re- 
pairs tut also in lost production. 


There are many power plants spread over whole Jamahiriya in different 
places. Their management is run by qualified engineers, technicians who 
got the training on job and abroad. Therefore the plant can be operated 
and maintained efficiently according to manufacturers instructions. 


The subject is broad and our Space is restricted, selected aspects of 
the maintenance problems have been chosen to show how these problems are 
tackled. These points are summarized as below. 


i) Maintenance organization structure. 
ii) Spare parts inventory. 
iii) Labour force (available and required). 
iv) Maintenance system applied. 


MAINTENANCE ORGANIZATION STRUCTURE: 
ER UE 


Maintenance organization of any system is a structure of working 
relationship to proceed further the objectives of the enterprize. Product- 
ion department are depending more and more upon the skills and organisat- 
ion of the maintenance department and it is accepted that the maintenance 
is now a specialized fuction of growing importance and size.Good organi- 
zation structure provides the most effective use of facilities and man 
power in order to secure the desired results at lowest possible cost. 


Fig. (1a) Illustrates the organization Structure of General Electric 
Corporation of Jamahiriya. 


Fig. (1b) Shows production department which is responsible for main- 
tenance in all the power plants. The survey of West Tripoli power station 
was made. Its organization structure is shown in: Figs Cte): 


The list of contents in Fig. (la and b) is as follows. 


1. Chairman of Corporation. 22. Diesel Deptt. 
2. General Administration of Production. 

3. General Network and Controls. 

4. General Purchasing, Stores and Servicing. 

5. General Administration, Finance and Personnel Affairs. 
6. General Administration Planning and follow up. 

7. Head of Benghazi Branch. 

8. Head of Sabaha Branch. 

9. General Administration Manufacturing. 

10. Manager Tripoli Power Station. 

11. Manager Benghazi Power Station. 

12. Manager Sabha Power Station. 

13. Manager Technical Deptt. 

14. Programming and Overhauls Deptt. 

15. Technical Development Deptt. 


16. Projects Departments. 

17. Plant Managers. 

18. Spare Parts and Supplies Deptt. 
I9. Fuel Deptt: 


20. 
ew 


Desalination Deptt. 
Central Maintenance Deptt. 


SPARE PARTS AND INVENTORY: 


A frequent situation met in recent power plants is the insufficient 
intial supply of spare parts and of equipments needed for correct mainten- 
ance. In sufficient availability of spare parts leads often to long shut- 
down periods, the lack of suitable tools often prevents to carry out corr- 
ectly the maintenance operations. To over come this, large stocks of spares 
are often held. This policy can prove equally expensive. Storage space 
is of prime importance. Clerical and manual labcur is needed to administer 
the paper work and to check the stocks. All the time spares are held in 
stores, keeping capital. idle, increasing over-head cost. Thus balance 
between the extremes of low stock and high stock level must be establisned. 
This will provide an acceptable measure of safety and less costly. 


In most power generating plants the spares and stores required by the 
maintenance department can be devided into the fcllowing categories. 


1. Spares: 
a) Programme Spares: 


Spares and materials required for the scheduled or planned 
work contained in the maintenarce programme. 


b) Break Down Spares: 


Spares held as an insurance against the unexpected break down 
of parts. As planned maintenance progressed, so the number of 
these spares would decrease. 


Some of the spares in both the above categories are ready for use. 


2. General Maintenance Stock: 
Valves, piping, Flanges, electric cables, switches etc. 
3. Corisumable Stores of Minor Nature : ( Nuts, Bolts, etc). 


4. Tools and Equipment: ( Specialized tools and equipment, lifting gears, 
chains etc) 


In wariably the items contained in categories la and 1b have the 
greatest effect on the maintenance programme and are costly also. 


However by applying gocd inventory control system, ensures that 
sufficient but not excessive spares and materials are available when they 
are needed. Beficre instituting the inventory control system, a proper dece- 
sion of spare parts and the level of each should be fixed. Manufacturer 
usually issue lists of reccommended spares with their equipment .According to 
the information extracted from the maintenance programme, a offer can be 
mace for different spares. 


LABOUR FORCE ( required and available) 


There has been greater technical advancement in the last decade in 
the whole previous span of engineering. Modern power generating plants are 
becoming more and more complex. To keep pace with these developments, 
maintenance is demanding the application of new skills and techniques in 
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areas which were preveously considered beyond the scope of maintenance 
personnel. If the maintenance department is to fulfil its proper function 
in the plant, then its personnel must be trained to meet current needs and 
future requirements. 


Training should not be a "ONCE ONLY" event like the situation in Libya, 
but a continuous process designed to increase the individual potential cf 
maintenance and to form them a technically qualified well organized effic- 
iant team. Training need not always be of a purely technical or specialist 
nature but the background of the subjects like maintenance techniques, 
organization, methods should be taught. This enables a person to understand 
the reason for and the purpose of his efforts."Know how" together with 

"know why" promotes awareness and a person interested in his job will do it 
better. 


The success or otherwise of any maintenance plan, no matter how well 
conceived, will be influenced directly by the perfcrmance, skills, and 
attitude of the staff. As much consideration should be given to the human 
element of the plan as is given to the material elemerts. 


Man power planning may be limited to the men requirements for future 
project or production process while at the other end of the scale it 
invelves all aspects cf the man pcwer requirements recruitments, selection, 
promotion and integrate them into the overall Company policy. 


A realistic man power plan offers a frame work within which decisions 
and changes can be made with the assurance that they are always directed 
towards agreed objectives. 


Man power requirement, selection, utilization and training and primary 
areas which are usually within the scope of departmental management and are 
gcced practical basis to initiate a plan. Changing conditions and circums- 
tances in any of the areas will affect the other. Therefore a close relat- 

iorship should be maintained and sufficient flexibility should exist to 
accommodate and compensate for changes that may occur without altering 
materially the ultimate cbhjectives. Irrespective of any apparent success of 
the plan, a periodic view is necessary to confirm its continuing validity 
with the company's latest policies and aims. 


The objectives of the maintenance plan must be transferred into persons 
trades and occupations. However from detailed analysis of maintenance 
schedules programmes, present and future plans. It should be possible to 
assess realistically the number cf Persons and various types cf trades 
and occupations that constitute the ideal maintenance team to accomplish 
the maintenance work. 


Arn ideal man power standard both practical and:economical is required 
tc measure comparison and target for future. An inventory of the present 
staff and their respective occupations, highlight area cf divergence, 
understaffing or overstaffing can be noted for future action. 


The maintenance staff is the plants most valuable asset like other 
assets needed to meet specific work. The needs must be defined precisely 
at the time of filling vacancy, so that a right person is selected. 


MAINTENANCE SYSTEM AFPLIED: 
The respective functions of maize ~ es and operation of modern power 
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generating plants are so inter-related that it is no loger possible or 
desirable to consider each as separate, isolated elements. It is therefore 
important that both the maintenance and operation are considered and plann- 
ed on a unified basis with the object of achieving the minimum over-all 
production cost. 


The following maintenance systems are generally applied. 
Replacement, instead of maintenance system: 


Power plants, using some small, easily replaceable and cheap 
equipment may find that the cost of repair exceeds the cost of replace- 
ment. Alternatively technological advancement causes much equipment to 
become obsolete rapidily, consequently, it is not designed to last when 
it fails, it is out of date and may be replaced with modern equipment. 
Many items are impossible to repair, while other items are designed not 
to be repaired. Their virture lies in the cheapness. 


Planned Replacement: 


This system may be applied in many branches of industry, parti- 
cularly those in which the equipment operates as an individual unit, 
small power plants, machine tools etc. Good quality equipment is purcha- 
sed and only basic maintenance (lubrication, servicing and adjustment) 
is carried out to keep it in good condition. It is then sold, traded in 
or scrapped before it looses its operational efficiency, when break- 
downs and failures can be expected or when expensive replacements and 
overhauls are required. This system can reduce down time caused by break 
downs, prevent costly overhauls and minimize maintenance. It enables a 
cempany to obtain continually the advantages of modern equipment. 


Breakdown Maintenance System: 


Many items of plant and equipment operate as individual unit, so their 
failure would not immediately or greatly affect the overall production 
process or constitute a safety hazard. The cost of preventing their failure 
may be more than the cost of breakdown. In these circumstances, it is 
justified financially to allow the equipment to breakdown before carrying 
out any maintenance (lubrication and monor servicing expected). 


Preventive Maintenance System: 


-When process is continuous or highly automatic, modern power plants, 
chemical plants, oil refineries, the cost of lost production due to break- 
down. Can be extremely high. The failure of small piece of equipment can 
stop the whole process. Alternatively the failure of other types of equip- 
ment boilers, pressure vessels , lifting gear can be dangerous. The aim of 
preventive maintenance is to affect the work of inspection, servicing and 
adjustment so that the failure during operation can be prevented. 


CONCLUDING REMARKS: 


On the study and analysis of the power plants in Libya, these following 
points are recommended for future consideration. 


a) The sufficient supply of spare parts and equipment must be there, other- 
wise insufficient availability of spare parts leads often to lonng shut- 
down periods, the lack of suitable tools prevents to carry out correctly 
the maintenance operation. A training for technician specialized in 
spare parts to be foreseen. There is frequent need of additional means 


AO 


for maintenance such as tools, metrology, handling systems and work- 
shop equipments. 


b) For having good maintenance is to have good operation practices, by a 


c) 


d) 


e) 


f) 


g) 


suitable training of operators. 


Training of the maintenance personel should not be in mere maintenance 
technology of equipment itself but also training in the maintenance 
methods, procurement and management. 


Though the training abroad are very expensive, even then it should be 
at the job itself and also ir the abroad. This should be kept in mind 
that a beginner should not be sent abroad for training but a person 
having preliminary experience in operation and maintenance. 


A perfect cleanliness is a part of maintenance. A regular program of 
frequent survey, inspection of equipment to watch and report every 
anomaly such as leak, noise or heating and smell. There must be regular 
programs of lubrication and cleaning of various piping circuits, 
filters etc. 


An organization of maintenance always needs to be improved Simplgfied 
and completed according to the situation. Temptation should be 
avoided and the change in the system should be brought gradually. 


Data processing unit car: be used for perfect planned maintenance and 
also for spare parts, controls and man power planning etc. 
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FIG.(lc) ORGANIZATION STRUCTURE OF WEST TRIPOLI POWER STATION 
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ABSTRACT 


The paper deals with the analysis of automatic generation 
control of a two-area reheat thermal system considering vari- 
able structure controllers, Investigations reveal that the 
system dynamic performance can be significantly improved by 


trol action is completed following disturbance, Investi- 
gations also show that the controllers based on simple vari- 
able structure logic provide much superior dynamic perfor. 
mances 4s compared to conventional fixed structure controllers, 


INTRODUCTION 


A lot of work has been reported in the past pertaining 
to automatic generation control (AGC) of large interconnected 
power systems. Net interchange tie-line bias control strategy 
has been widely accepted by utilities. fhe controllers so 
designed regulate the area control errors (ACE) to ZeLO. 
Basically these are fixed structure controllers. Recent 
literature [2-6] on aga Shows that an attempt has been made 
to apply variable structure controllers (VSC) to aGe problem 
orginally proposed in ref, (7 « The variable structure con— 
trollers have been used to enhance the dynamic performance of 
the AGC systems, The variable structure controller switches 
from one structure to other according to an apriori switching 
logic. This facilitates combining the useful properties of 
each of the structures and possessing new Properties not pre~ 
sent in any of the structures used. The VSC possesses several 
attractive advantages, viz., high speed of response, good 
transi ent response,tnsensitiveness to variation in the system 
parameters and independence of changes of external distur 
bances and simplicity of physical realization, 
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Bengiamin & Chan [2] and Chan & Hsu [3] have obtained vari- 
able structure controllers for AGC based on sliding mode 
concept. However, the design procedure is quite involved. 
Kumar et al. ., [5] have analyzed the AGC problem using 

VSC. The structure suggested by them is quite simple. Con- 
ceptually the approach suggested by them is quite powerful 
in improving the dynamic performance of the system. However, 
they have not optimized the gain settings of the controller. 
Further the supplementary controller in an area comes into 
action only after the fast primary controller has completed 
its function [8]. 


Inview of the above the main objectives of the present 
work ares 


(1) To study the effect of delay in initiating the supple. 
mentary control action on system dynamic responses. 


(2) To investigate the dynamic performances of the AGC 
system considering variable structure controllers and 
to compare these with those obtained with conventional 
controllers. 


SYSTEM INVESTIGATED 


The AGC system investigated comprises two equal-area 
thermal system having reheat turbines. A step load per~ 
turbation of 1% of nominal loading has been considered in 
area~l. Nominal parameters of the system are given in 
Appendix-A. Fig. 1 shows the small perturbation transfer 
function block diagram of the system. 


Dynamic Model in State Variable Form 


The dynamic model in the state-space form is written as 
X= AX + BU +[p (1) 


X,U and p are the state, control and disturbance vectors 
respectively. These are defined as 3 


x" =[4P) 4P,) SPpy Xp) OPeier SF Pyo “Pao Kyo] 
p! =[AP, OP. | 


A,B and [’ are system matrices of compatible dimensions and 
are function of system parameters and operating points. Area 
control error (ACE) is sampled at every two seconds. ACE 
remains constant between two consecutive sampling instants. 
system dynamic responses are obtained using the approach 
suggested by Bose and Atiyyah [9 | 


Structure of the Delayed Integral Controller 

Fig. 2a shows the structure for the delayed integral 
control. The control channel selection is based on the foll- 
owing logic. / 
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-Pig. 1: Transfer function model of a two-area 
reheat thermal system . 


If t¢T, UD, =O, (uncontrolled) (2) 


If t>T, U, = -K,,| ACE, dt (Integral control) (3) 
where T is the response time of the governor. 
Variable Structure Control System 

Two control strategies using variable structure con- 
cept are. investigated. 


(a) Control Strategy Based _on Single Proportional— 
Integral Sequence 
Fig. 2b shows the schematic diagram of the variable 
structure controller (VSC). In this control strategy, the 
control signal is made proportional to ACE for the first 
part of the system dynamics and then it is proportional to 
integral of ACE i.e, 


U, = “Koi ACE, 


U, = “Ky, [ACE, dt for t>T- (5) 


for t<T (4) 
and 


fis chosen judiciously by analyzing the uncontrolled res- 
ponse of the system. 


ACE; ” 
{ 


FIG: 2a 





Fig,2c 


Pig. 2: Schematic diagrams for various vSC logics 


(b) VSC Strate Based on Alternate 
Proportional-Integral Sequence 


Fig. 2c shows the schematic diagram of alternate pro- 
portional-integral type control strategy. In this control 
strategy, following logic is used - 


If J AcE,I>E, U, = “Ky ACE, (6) 


If [ACEI¢€, U, = “Ky, Jace, at (7) 








The € is set equal to half the maximum transient swing of 
ACE 
i 


ANALYSIS 


Delayed Supplementary Control system 
An attempt is made to investigate the effect of delaying 


supplementary control action on dynamic performance of the 
system. The delay is made nearly equal to the response time 
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of the governor. Inorder to estimate the response time of 
the governor the uncontrolled dynamic response is plotted 


(Fig. 3). Examining the uncontrolled responses, it can be 
seen that the primary control action (i.e. governor action) 
is more or less completed in 7 seconds. Inorder to investi- 
gate the effect of delayed supplementary action, optimum 
integral controller obtained in ref. [1] (K = 0.67) is con- 
sidered. Fig.3 also shows the dynamic responses considering(i) 
optimum integral controller and (ii) delayed integral con- 
troller. The dynamic responses with integral control action 
initiated after 7 seconds show that the positive overshoat 

is practically eliminated and the responses settle smoothly. 






iN 
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J 
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Pig. 3: Effect of delay in supplementary control action 
on dynamic responses. 
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However, the settling time remains unaffected. Dynamic 
responses are also shown for time delays equal to 2 and 4 
seconds. As the time delay is reduced from T=7 seconds 

the positive overshoot increases. Hence it can be con- 
cluded that the supplementary control action if initiated, 
after the governor response is complete provides much better 
dynamic performances. 
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\ xe? << i eee Bah a 
TIME (sec) 
= -—0.01 
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3 —'—— PROPORTIONAL CONTROL (Kp= 1-10) 
~ —--— INTEGRAL CONTROL (Ky = 0.67) 
& —0.024 —..-.- P= CONTROL (Kp=1-10, Ky = 0.57) 
a t++++++ T= § sec] K_ = 1.1, for t¢T sec 


Baas. Sie vetd eg T <7sec K, - 0.57, for e7 sec 


Pig. 4: Dynamic responses for different control strategies 


Single Sequence Pro ortional-Integral Controller 


Investigations mentioned in the preceding section re~ 
veal that the blocking of the supplementary control action 
till the primary control action is completed, enhances the 
dynamic performance of the system. Now an attempt is made 
to analyze the dynamic performance of the system considering 
the control strategy as given in equations (4) and (5) and 
K, are obtained using Integral Squared Error (ISB) technique, 
where T is the governor response time. Fig. 4 shaws the 
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system dynamic responses for a step-load perturbation of 1% 
in area-l for several values of governor response time T. 
Dynamic responses for uncontrolled mode and those with opti- 
mum P<I controller (K_=1.10, K,=0.57, obtained using ISE 
technique) are also sHown. .. 


The cost function J = \(4. ee arene + AR?) at is minimized 
to obtain optimum F-I gain settings. 

Dynamic responses with optimum integral gain (K.=0.67) 
setting are also plotted in Pig.4. Dynamic’ responses with 
proportional controller acting for first 7 seconds and then 
integral controller results in some improvements in dynamic 
responses.Thus it can be recommended that a judicious combi- 
nation of control action (i.e. proportional first and then 
integral) would improve the dynamic responses. The optimum 
value of T may be obtained by trying a few feasible values of 7. 
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‘Pig. 5: Dynamic responses with P-I and VSS control 
Strategies 


Alternate Proportional-Integral Sequence 

~ Above investigations reveal that dynamic responses are 
improved considerably even with single proportional-integral 
control sequence. Further studies are made using the control 
logic given in Hqns. (6) and (7). 


Fig. 5 shows the dynamic responses ( 4F ) with 
the VSC strategy. Dynamic responses eae ee a $$ ¢imun P-I 
controller and uncontrolled mode are also shown. It is cle- 
arly seen that there is a considerable reduction in setting 
time, and positive overshoot with VSUstrategy as compared to 
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those obtained with optimum F-I control strategy. In all 

probability one may succeed in further improving the dynamic 
responses by trying a few values of € and thus obtaining op- 
timum value of € . K.. and Ky as obtained for P-I controller 


were used with VSC stPategy. 
0.01 
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Fig. 6: Dynamic responses for two different 
control strategies 


Comparison of Single P-I yequence and 
Alternate P-I Sequence Controllers 

Pig.6 shows the dynamic responses of the system con= 
sidering (i) Single P-I sequence and (ii) alternate P-I se- 
quence controllers. It is clearly seen that alternate P-I 
Sequence controller provides much better dynamic responses 
interms of settling time, time error and inadvertent inter- 
change accumulations — as compared to those obtained with 
single P-I sequence and should be preferred. 


CONCLUSIONS 


Following are the significant contributions of this 
papers 


(1) There is a considerable improvement in system dynamic 
performance with delayed integral control action as 
compared to the conventional integral control. The time 
delay chosen judiciously, results in improved dynamic 
performances and avoids unnecessary interaction between 
primary and supplementary control loops. 


(2) 


(3) 


1) 


2) 


3) 


4) 


5) 


- 6) 


7) 


8) 


9) 


The simple variable structure control strategy where 
proportional supplementary control action takes place 
if JACE| >€ and integral control action, when JACEI ¢ € 
improves the dynamic responses significantly interms of 
settling time and positive overshoot. 


Investigations carried out considering alternate pro- 
portional and integral V50C results in significant impro- 
vement in dynamic performances as compared to that with 
single proportional integral sequence controller. 
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APPENDIX - A 


Tne nominal system parameters are : 


f =. 60.0 Hz 
Ko a K 2 = 120.0 Hz/pumw, TM = To = 20.0 secs. 
Th = To = 0,3 BOS. Ta = Tho = 0.08 sec., H, =H,=5-0 secs. 
Ta = To = 10.0 secs, Ka mm Kio = 0.50 
R, = R, = 2.40 He/pumw 


ii 


to 
t 


. Bi = 1,2), D, = D,, 8.33x1073 pu Mw /Uz, 


200 MW, P = fp = 200 MW 


tiemax rl r2 
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AIR POLLUTION DISPERSION 
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ABSTRACT: - 


Air pollution in the atmosphere is mainly a problem of diffusion/dispe- 
rsion of gas/particulates under the prevailing wind conditions. However, 
the emission rates of different sources, and their spatial locations play a 
great role in defining the air quality conditions at large.The modern way 
to understand this problem using digital computers is a great scientific 
tool. The Gaussian diffusion model is a simple way to get some air quality 
information but many other sophisticated models can be used for different 
conditions. 


1. INTRODUCTION: 


Ail pollution represents one of the most serious problems to mankind. 
If the trend of increasing energy consumption continues, more and more 
emission sources will be created which means more substances will be dumped 
into the atmosphere. The extent of the damage caused by man-made emissions 
is not fully understood. However, acidification of lakes (e.g. Sudbury, 
Canada and Southern Norway) have been unequivocally linked with acidic depo- 
sition in the form of sulphur dioxide and its oxidation product sulphuric 
acid. Acidification attacks the soil, damage plants and trees and plays a 
major role in the loss of fresh water fish in some lakes. It can also spoil 
metals and other exposed material to polluted air. In general the harm 
caused by air pollution to human and animal is yet to be assessed. 


2. NATURE OF THE PROBLEM: 


Air pollution can be divided into three major categories: (1) Gaseous 
(2) Liquid (3) Solid. 


Atmospheric trace constituents (ATC) is either natural or man-made 
(antropogenic). 


Oxygen and Nitrogen represent two gases present by nature in the atmos- 
phere. Volcanoes and other natural eruptions produce solid small particles 
during active times. Natural processes produce: fog, cloud and rain through 
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the process of condensation of water vapour on nuclei. Antropogenic emissi- 
ons however, produce ATC in the above three categories. Carbon dioxide is an 
example of ATC with a residence life time of 2-5 years. Due to sharp increa- 
se of energy consumption and burning of fossil fuels, CO. concentration in 
the atmosphere started to rise. In 1976 CO. concentration was 330 ppm (V) 
compared to 290-300 ppm (V) in the pre-industrial era. This concentration 
level is expected to reach 400 ppm (V) by the turn of the century. The 
increase of CO, levels can cause a trap of solar energy close to earth which 
can lead to temperature rise (the green house effect). This may lead to 
change in world climate. Sulphur dioxide is another major ATC with a variab- 
le concentration from region to region. It has a residence life time of the 
order of days to weeks. Due to antropogenic emissions from the burning of 
sulphur bearing fossil fuels and the smelting of sulphide ores, man produces 
some 130 million tonnes of this gas every year. Volcanoes release only 4 
million tonnes per year. 


The transformation of sulphur dioxide to solid sulphate particulate in 
the atmosphere produces yet another more serious pollutant. The oxidation 
rate of SO, to sulphate range from 0.1 to 10% per hour depending on the 
presence of catalysts, clouds, reactive photo-chemical products and ozone. 
These solid particulates can now be transported to even greater distances. 
Not only that but the accumulation of these suspended particulates can upset 
the radiation balance which may cause cooling. The next pollution problem 
comes from the solubility of SO. and Sulphate particulates in the presence 
of water vapour. When this process of condensation Occurs we get either the 
photo-chemical smog or acid rain. 


Chlorofluoromethanes (Freon) CFCl. and CF.Cl are also another two types 
of pollutants found as ATC. They are tinked to human sources, mainly from 
aerosol propellant and refrigerants industries. These gases are inert in 
the troposphere and direct photochemical destruction requires short wave 
radiation. This process will only be effective in the Stratosphere (above 
30 km from ground). The accumulation of these pollutants may disturb the 
ozone layer around the earth which lead to the upset of nature balance. Other 
pollutants (gas, liquid, solid) are also present in the atmosphere and the 
degree of concentration may vary from place to another. Due to major constr- 
uction projects of factories and highways pollution of different kinds can be 
present. Some of these pollutants can be very hazardous to human and animal 
health. They vary from chemical vapours to heavy metal particulates or 
Simply toxic gases. The problem becomes more serious whenever these indust- 
rial areas, power generation plants or highways are close to residential 
areas. Not only that but wind conditions and the properties of air to encou- 
rage transport of pollution can play a major part to make the problem more 
serious. For example, the effect of different heating and cooling of land 
and water surfaces and the air above them produces the so-called sea or lake 
breeze (when land is warmer than water) and land breeze (when water is warmer 
than land). In this case continuous costal fumigation may be present which 
will cause a pollution problem to the nearby areas. Another problem which 
occurs because of the accumulation of air pollution at certain location is 
the absence of night-time inversion (Fig. 1) over urban areas. This so-call- 
ed "Pollutant dome" will also encourage vertical motion of pollutant to both 
the urban area and the nearby countryside. 


3. AIRPOLLUTION DISPERSION: 


The above discussion shows that air pollution is mainly a problem of 
diffusion/dispersion of gas/particulates = the atmosphere. 


as, 


Dispersion of pollutant, however will depend on wind conditions, the 
degree of turbulence, sae aa anaes stratification and the surface roughness 
at ground level. Temperature stratification can be estimated from the 
variation of temperature with height. The decrease of temperature with 
height -9T/9% is called the lapse rate. Atmospheres with laps rates of 
above 10°C Km are called "adiabatic". Superadiabatic atmosphere is consi- 
dered unstable since vertical motion (descent or ascent) is encouraged. In 
sub-adiabatic atmosphere vertical motion is less and its case is considered 
"stable". Inversion mainly occurs at night with strong stability. Pig. ( 1) 
shows the effect of different stability regions on the diffusion of polluva- 
nts from a stack. 


The lapse rate, however is only a rough index to turbulence. The 
structure of atmospheric turbulence (eddy size,....etc.) and its effect on 
pollutant-puff dispersion will depend on the relative size of the atmosphe- 
ric eddies:and the:pollutant puff size. If the atmospheric eddy size is 
smaller than the pollutant puff, the puff will grow slightly and decreases 
its concentration. This means slow diffusion/dispersion process or bad air- 
quality. On the other hand if the eddies are larger than the puff, the puff 
will experience transport and less mixing. If the eddies are of the same 
size as the puff, the puff will diffuse rapidly. The important fact is that 
information about the mixing height remains the easiest way to know the 
condition of atmospheric stability. This will help in applying computer 
models to predict the air quality at certain place and the ground level 
concentration. Measurements of variation of temperature profile above grou- 
nd level can lead to the estimation of the mean mixing length at different 
locations (e.g. Holzworth, 1972, and Portelli, 1977). 


4. a) THE GAUSSIAN DIFFUSION MODEL 


Computer models are considered an important tool to predict the air 
quality condition at certain location. This can help governmental authori- 
ties to take action if the levels of pollutants are considered high. Compu- 
ter models to predict air quality vary from simple single source model to 
very sophisticated models which take all pollution parameters into consider- 
ation i.e. physical, chemical, spatial, temporal, ...etc. 





/ >> . TIO LOFTING 
; A) : . : 
i et ha es LOOPING 
4 ry 4 
p 


\ wg gee TO ee am ewe were, FUMIO A TIO 


et 
‘ y ) vy » \ 
<i \ [ SSNs, 
‘ oa Ol Mle ae CONING oe 
\ Vee Re PD 
\ 
\ 
7 ) 





\ TRAPPING 
MIGHT | y 
\ 


. : a ' 
wd 
x FANNING 
‘ TEMPERATURE OISTANCE DOWNWINO 
‘ ORY ADUBATIC LAPSE RATE 


Fig. 1. Variation of Pollutant Concentrations 
Due to Meteorological Variations. 
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The following is a simple model which relates the pollutant concentra- 
tion C(x,y,z) downwind of an elevated point source over a flat terrain. The 
model is limited to with a distance x where the plume first encounters the 
top of the mixing layer. The model will be best for Studying micro scale 
(less than 10 Km) air pollution dispersion problems (e.g. near large point 
sources, highways, airport runways,..-.etc). 


2 
_ Q i po vee _4;2-H_\2 1/2 + H 
C(x,y,z) = 276, 6, 0 exp \- oy } {ew f - Tv, |: exp 4 ( r, 


Where: 





C(x,y,z) : pollutant concentration downwind; pen? 
Q : pollutant emission rate (source strength) ; ga7 
U : wind speed at height H; m.s” | 

oo : horizontal dispersion coefficient; m 

os, vertical dispersion coefficient; m 

x downwind distance; m 

Y > horizontal (crosswind) distance; m 

z vertical distance; m 

H effective stack height; m, H = h + Ah 
h : Stack physical height; m 

Ah : Plume rise; m 


Horizontal and vertical dispersion coefficients G@ , @ can be estimated 
using formulas recommended by Briggs (1974). Thest foftulas are atmospheric 
Stability dependent and each case follows a Stability category defined by 
Pasquill and Gifford. These categories carry the symbols A, B, C, D, E and 
F. Class A is the most unstable, class F is the most Stable and class D is 
considered neutral. 


The stability categories are defined as a function of surface wind 
speed (at 10 m), temporal variation (day or night), the condition of incom- 
ing solar radiation (strong, moderate, slight) and the cloud condition at 
night. 


The following table shows the recommended equations by Briggs (1874) 
for open country conditions in the range 100 m< x €10,000 m micro-scale 
studies 


Table 1 
Pasquill Stability Cv, Sc, 
Category 

A 0.22 x (1 + 0.0001xJ? 0.20 x 
B 0.16 x (1 + 0.0001x)72 0.12 x 
C 0.11 x (1 * 0.0001x)72 0.08 x (140.0002) 72 
D 0.08 x (1 + 0.0001x) 7? 0.06 x'(140.0015x) 72 
E 0106-6 C1. & 0.00Q1%) 72 0.03x (140.0003x) 7) 
F 0.04 x (1 + 0.0001x)~2 0.016«.(1+0.0003x) 


The evaluation of the effective stack height H depends on the plume 
rise value Qh. 


There are a number of formulas used to predict Ah. Most of these 
formulas describe Ah as a function of Q, the heat emission rate in MW or 
Cal.s7? and the wind speed U. In general, however Ah depends on terrain 
roughness and the atmospheric turbulence structure. 


The following are some equations commonly used by atmospheric scienti- 
sts to evaluate @h: 


a) Holland (1953) formula: 


aad 


An= (1.5 Vi d+ 4107? Q)/U 


V, : Stack gas exit velocity; ne 
internal stack diameter at exit; m 


Q : heat emission rate; Gaiva 


b) Bringfelt (1968) formula: 
Depending on the downwind distance, Ah is given by 


ans 2 


9°39 for x £250 m 


0.36 


U 
2) &h 161 Q for 250€ 500 m 


x$ 
3) ah = 224 99-34 ror 500k x < 1000 m 
U Ss 
The heat emission rate Q is in MW 


c) Moses and Carson (1968) formula: 


ci 
V4 Q 2 
U 


Qh = ‘K( - 0.029 + 5.35 >a ) 





~~! 
Where A reflects the stability condition, 


ZK = 1.08 neutral 
q 0.68 stable 


A 
vi 2.65 unstable 


Other formulas can be found in the reference list [tsanady (1961), 
Briggs (1969, 1971, and 1972)]. 


The maximum ground level concentration C. is given as 





ax 
Cc 
Cmax = a u - ) 5 (2) 
~e y H 
wiere e = 2.718 


This equation indicates thag, for constant emission at wind speed U, C sats 
inversely proportional to H'. This maximum occurs at the/ distance x where 
GO = Wi 
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The ground level concentration (centerline) 
Q 1 H \2 
C(x,0,0) = — ——— exp [- (4?) 
‘ nc, G, 0 é Oo. 
4. b) Limited Mixing Condition: 


One of the important problems faced by pollution control workers is the 
"trapping" plume or limited mixing case (Fig. 1). The maximum ground level 
concentration under limited mixing condition is given by: 


: carer = Fe (3) 
Ye ft y Ww 


Where L is the mixing height, m. 


This maximum occurs at a distance 2X, where X is the distance at which 
CS - O.47 L. 


To calculate C we need to get the mixing height so we can estimate 
the horizontal dispersion coefficient O°. This value will correspond to a 
value X and GC, can be estimated from Briggs formulas. 


From the above simple model, many other realistic models are derived 
and used by environmental authorities around the world (e.g. Atmospheric 
Environment Service, Canada, Environmental Protection Agency (EPA), U.S.A, 
etc.). The basic ideas presented in the model above are also used in the 
currently available models. However, we should mention that the accuracy of — 
the observed maximum downwind ground-level concentration value is expected 
to be within 10-20% of the calculated value for a surface level source and 
within 20-40% for an elevated source. Extensions of the basic point-source 
model to urban dispersion should tend to produce concentration estimates 
with smaller statistical variations because the effect of one or more of the 
uncertainties are usually removed in the processe Selected list of availa- 
ble air quality computer models is presented at the end of this paper. 


>. APPLICATION OF COMPUTER MODEL: 


Micro-scale application of a modified Gaussian computer model is well 
underway for some limited locations in the Middle-East. However, the lack 
of information about wind and mixing length will postpone results to some 
other time. In the case of the Libyan case study, major emission Sources 
are present in Tripoli, Khoms, Misurata and Benghazi. Preliminary study 
showed that these sources don’t present a serious pollution problem to major 
residential areas. However, with the gradual growth of major industries in 
the sea shore line Shere is a growing concern for immediate fumigation to 
near-by urban-areas due to sea-breeze effect. The author has some reserva- 
tions however that the situation in Metropolitan Cairo is similar to that in 
Tripoli. When the complete results of this study will be ready, the Cairo 
case will be of major concern to all. The major industrial installations in 
Helwan ard close to Cairo city plus the huge number of both private and 
public vehicles create abad environment for health and properties. 


It seems to me that as long as there is an increase of energy use (in 
one way or the other) the problem of air pollution will get worse and some-... 
how concerned people and public authorities must flash the red light to stop 
major prcblems from happening before it is too late. 


1 
se) 


CONCLUSION: 


1) 


2) 


3) 


4) 


5) 


Based on the short study presented above we recommend the following: 


New factories and power generation stations should be located away from 
urban and/or residential areas. 


Industries should be requested to use air pollution control methods. 


Private cars should be run on un-leaded gasoline and public mass trans- 
portation should be encouraged. 


Environmental authorities should make use of present computer models 
to monitor air quality at different locations and to take action for 
the sake of the general public health and properties. 


Conservation of the present sources of energy and creating the practi- 
cal methods to use pollution free alternative energy. 


SELECTED NAMES OF AVAILABLE AIR QUALITY COMPUTER MQDELS: 


1) 


2) 


3) 


4) 


5) 


6) 


7) 


APRAC: The Standord Research Institute APRAC-1A model computes the 
hourly averages of CO as a function of extra urban diffusion from auto- 


motive sources in upwind cities, intra urban diffusion from roadway 


sources, and local diffusion within a street canyon. 


HIWAY: An interactive program which computes the short term (hourly) 
concentration of non reactive pollutants downwind of roadways. 


CDM: The climatological Dispersion Model determines long term (seasonal 
or annual) quasi-stable pollutant concentrations at any ground level 
receptor using average emission rates from point and area sources and 

a joint frequency distribution of wind direction, wind speed, and 
stability for the same period. 


PTMAX: An interactive program which performs an analysis of the maximum 
short term concentration from a point source as a function of stability 
and wind speed. 


RAM: Gaussian=-Plume Multiple Source Air Quality Algorithm. This short 
term Gaussian steady state model estimates concentrations of stable 
pollutants from urban point and area sources. Hourly meteorological 


- data are used. Hourly concentration and averages over a number of 


nours can be estimated. 


CRSTER: This algorithm estimates ground level concentrations resulting 
from upto 19 colocated elevated stack emissions for an entire year and 
point out the highest and second-highest 1-hour, 3-hour, and 24-hour 
concentrations as well as the annual mean concentrations at a set of 
180 receptors. 


SAI-Photochemical Model: The SAI model is a photochemical dispersion . 
model. It not only considers the transport and dispersion of pollutants 
but also the transformation of HC and NO. into photochemical oxidart 
pollutant. This model uses finite difference techniques over a grid of 
area sources to solve the classical equations of conservation of mass 


8) 


ow 


~~ 


which include local change, advection, diffusion, photochemical react- 
ion and emission. 


TEM: The Texas Episodic Model is a FORTRAN computer program which may 
be used to predict air pollution concentration for short time periods. 
An emission inventory and meteorology for an area of interest are used 
to create scenarios simulating the dispersion of airborne pollutants in 
the lower atmosphere. Concentrations of one or two pollutants may be 
calculated upto 2500 locations in a rectangular grid of arbitrary dime- 
nsions and uniform but arbitrary spacing between rows and columns. Up 
to 300 elevated point sources and 200 area sources may be input to the 
model and a very wide selection of meteorological inputs is available. 
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ABSTRACT 


An overview on the recent Japanese experiences in solar architecture is 
described. Most of traditional Japanese houses can be regarded solar houses 
of bioclimatic design, having large openings on the south facade with deep 
eaves. Total solar collector area in Japan amounts to more than 2 million 
Square meters, supplying solar energy for hot water, space heating and 
cooling. Architectural design of solar houses and buildings has’ been 
refined and malfunction in systems reduced. Economics of solar energy 
systems are discussed and government subsidies are introduced. Japanese 
architects are gradually getting interest in designing passive solar houses 
and buildings. Importance of passive cooling techniques is emphasized in 
learning fundamentals from vernacular architecture. Interaction between 
nature oriented architecture and indoor environment by modern technologies 
is discussed. 


1. INTRODUCTION 


For the last several years newly constructed solar houses and buildings 
have decreased in number at the rate of 70 to 80% compared to the previous 
years certainly due to lower oil prices after ENERGEX '82 in Regina, Canada 
[1]. It is rather important to note, however, that energy conserving ideas 
are being widely understood by designers and owners’so that new buildings 
in general are consuming less amount of energy while maintaining sufficient 
comfort level in indoors. Passive systems without excessive cost for new 
buildings are being attempted and new ideas of inviting daylight by provi- 
ding atria and light shelves are coming into play as well. On the other 
hand traditional devices as seen in vernacular architecture are respected 
from the viewpoint of bioclimatic designs, as they were built in those days 
when fossil fuels were not available as today. 


2. BIOCLIMATIC DESIGNS IN TRADITIONAL JAPANESE ARCHITECTURE 


Japan is a hot and humid country as a whole, though we have a winter 
season for a period of three to six months depending on locality. Tradi- 
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tional houses in Japan have been built principally for summer and people 
have been suffered from the cold spell in winter. Because discomfort under 


the severe summer was recognized much more intolerable than cold discomfort 
in winter [2]. 


Sun shading and cross ventilation are two major concerns in house 
design and south facing facade is mandatory to harness the sun in winter as 
much as possible. Without changing the form of the house, it has_ been 
possible and easy to satisfy these fundamental requirements by providing 
deep eaves on the south facade with wide open Sliding doors so that breeze 
can come through from the garden in summer and yet abundant solar radiation 
of lower altitude can enter into the room to warm up indoor spaces’ in 
winter. Therefore the floor plan of rectangular shape with longer side in 
east-west direction is quite typical. 


The reason why wide opening on the south facade is typical may be 
explained in such a way that houses are built with timber frame construc- 


tion, colums and beams holding curtain walls. Unlike modern houses, more- 
over, traditional houses have greater thermal mass of Clay walls and natural 
moisture regulation mechanism of wood, straw matt and clay walls. Large 


roofs can avoid penetration of strong solar radiation in summer and thatched 
roofs is effective in evaporative cooling to make inside ceiling surface 
temperature lower than insdie air. On the other hand modern houses are 
built with nearly flat or Slightly tilted roof to be resulted in higher 


ceiling surface temperature and this must be offset by mechanical cooling 
means. 


Similar situation can also be seen in multi-storied buildings. Natural 
ventilation required higher ceiling to bring cooling effect for occupants in 
the buildings built fifty years ago. Whereas in modern high technology 
buildings have’ lower ceiling heights, thus making air conditioning man- 
datory. 





Fig.1 Deep eaves and large opening of Fig.2 Living quarter of a merchant house 


typical Japanese house in Kyoto 


3. SOLAR THERMAL SYSTEMS INTEGRATED INTO BUILDINGS 
3.1 Development of Solar Collectors 


After the oil crisis many manufacturers attempted to develop new 
technologies of solar collectors and several of them were successfully 
commercialized for practical use, In the earlier stages collector arrays 
were simply placed in rows on flat roofs: they did not exhibit satisfactory 
appearance of solar architecture, though their systems might have worked 
well. 
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They can be classified into major two types: flat plate type and eva- 
cuated tubular type. Parabolic cylinder types of collector with line focus 
did not prove high efficiency in Japan, because diffuse component of solar 
radiation is rather greater in Japanese humid climate. The flat~-plate 
collector of most common type consists of single pane of semi-tempered glass 
and collector plate with selective coating, being quite widely used both in 
residential, commercial and public buildings. Evacuated tubular collector 
also involves absorber with selective coating, thus suppressing both radia- 
tion and convection losses. 


Total area of collectors installed on site is a good indicator to 
estimate actual solar contribution to the national total energy require- 
ments. According to the statistics by Solar Systems Development Association 
jt amounts to 2,122,011 m2 in cumulative total since 1975 up to the end of 
1987 [3]. The breakdown for the last five years shows that 80.3% of those 
are flat-plate collectors. It may be estimated that solar heating, cooling 
and domestic hot water systems with all collectors installed are supplying 
energy equivalent to 80,000 kl of oil per year. 


It must be noted, however, that simple solar water heaters placed on 
the roofs of houses for domestic use are very popular in Japan and supplying 


larger amount of energy than that supplied by the solar systems described in 
the above. 
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Fig.3 Sales trend of solar systen Fig.4  Preduction trend of solar 
and collector area water heater 
(Survey of Solar System Development Association) (Survey of Solar System Development Association) 


3.2 Solar Houses and Buildings with Domestic Hot Water Supply, Space Heating 
and Space Cooling 


Table 1 show the statistics on the solar houses and buildings with 
domestic hot water supply, space heating and space cooling respectively. {It 
can be seen that the numbers are decreasing year after year since 1982. 
This is only because of lower oil prices than experienced in the oil crises 
in 1973 and 1979 [3]. 


On the other hand the quality of solar houses and buildings actually 
constructed has been raised in various aspects. The cases of malfaction in 
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Table 1 The actual result of the installation of solar energy system in 1987 


Building types 


. Single-family 







(Survey of Solar System Development Association) 
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HW 3,756 37,848 30.310 20,734 308,561 
H&HW 342 3: 18 6 1,001 
H,C&HW 44 0 0 75 309643 
Other 4 0 0 0 6 


Subtotal [sas [aise | araes | s020 [20700 | 00a 
H& W 
caked 


HW 26 336 15 36 449 
0 0 
H/C & HW 0 0 
1 0 
i 
























Houses 






















36 
0 7 
Multi-family 0 7 
Houses Other 0 2 
Or ei 


HW 










408 174 140 5,334 
H & HW 83 2 3 275 
Commercial H,C& HW 8 4 3 








Other 
Sub total 


HW 
H& HW 

HC& HW 
Other 


Sub total 


Buildings 





















Indutsrial 
Buildings 




















































iW 220.681 38,319 314,533 
. H& HW 784 119 1.303 
Sub otal H.C & HW VJ 438 
Other 108 5 152 
HW 82 1,384 210 









H& HW 
H,Cc & HW 
Other 


Sub total 





(Public) 







Fig.S Hamamatsu Press Tower in Hamamatsu with 190 units 
(362 m@) of the flat plate collector, storage of 
12 m, absorption chiller of 40 refrigeration tons 





Fig.6 Loyola House for aged fathers in Nerima, Tokyo with 
a solar collector, 23 units (89.2 m¢) of the flat 
plate type 





65 


systems and users' dissatisfaction with solar systems have decreased owing 
to accumulated experiences. From aesthetic viewpoint architectural design 
of solar houses and buildings has been refined as well Owing to the fact 
that the first class architects have joined in the attempts in practice. 


International competition for the building of Solar Energy Research 
Centerin Baghdad was a unique event and the team of Shimizu Corporation, the 
winner actually constructed the building including the solar heating and 
cooling systems [4]. A huge arrays of evacuated tubular collector mounted 
on the 45 degrees tilted south slope is really magnificent and it is 
reported that the system has been working quite satisfactorily with a 
Slightly lower performance than expected. This can be evaluated as one of 
the few successful examples of solar cooling among many cases in the world. 
Most of the failed cases with solar cooling must be derived from unex pected- 
ly greater heat losses from pipings and valves, collected solar energy 
being resulted in less contribution. It cannot be over emphasized to make 
the piping length as short as possible from collector to storage tank and 
from storage tank to absorption chiller [5][6]. 





Fig.7 Fort Kitano in Hachioji, Tokyo with Fig.8 Ohbayashigumi Research Center in Kiyose 
flat plate collector of 143 m@ and _with evacuate glass tube collector of 220 m@ 
storage tank of 7,500 litres and absorption chiller of 10 RT 





3.3 Economics of Solar Thermal Systems 


Economical feasibility of solar thermal systems are often assessed by 
the number of years which the initial installation cost can be recovered by 
the annual savings associated with the amount of energy of solar contribu- 
tion. If the interest rate is equal to the annual increase rate of the 
price of primary energy to be compared, oil for example, the recovery period 
of the initial investment can be expressed by the initial cost divided by 
the annual savings of the primary energy owing to solar contribution. Then 
afterwards the annual savings corresponding to the primary energy can be 
attained as long as the system works. 


The recovery period can be longer than expected if oil prices get lower 
or the price increase rate may be smaller than the interest rate in future. 
It seems from the common sense that the recovery period of five years or 
less 1s regarded acceptable and the solar water heater is only one 
acceptable item of all solar systems at present. In fact people using solar 
water heaters are beginning to buy new ones to replace the previous’ ones 
““** which they have satisfied. 


As for the systems which would incur the recovery period of more’ than 
ten years economical feasibility greatly varies as to how the future price 
of control fuel be estimated. In general the amortization period of an 
article is determined by the expected life. In the case of the solar 
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systems, however, the life is longer than the recovery period and the annual 
Savings by solar system will continue after the initial cost is paid back. 


Still remains a question as to whether or not the price of depletable 
fossil fuel can be regarded appropriate as a control reference of economical 
feasibility for solar systems. Possible effects of pollution by burning 
fuels or danger of explosion and fire must be taken into account for 
attemotina to draw true economical feasibility of solar svstems. 


a 





Fig.9 Tonegawa's solar house in Kohnosu with Fig.10 Kondo's solar house in Shiojiri, Nagoya 
a flat plate collector of 38 m2 equipped with air type flat plate collector of 
with the storage tank of 760 litres 59.2 m@ 


3.4 Government Subsidies for Solar Systems 


Under the situations that solar systems must be promoted for the long 
run, Japanese Ministry of International Trade and Industry started the plan 
of subsidizing solar systems in 1980. Low interest loan for single family 
solar houses was set up at the interest rate of 5.5% to be returned in five 
years up to 2 million yens for installation cost of solar systems. More 
than 200,000 households utilized this loan in seven years and 99 % of them 
were providing solar domestic hot water supply system for not only bath tubs 
but also kitchen and laundry, thus contributing to the enhancement of living 
standard level to a certain extent. 


The low interest loans for commercial application was also provided at 
the interest rate of 6.5 % to be returned in ten years. This was terminated 
after 7 years because of the shrinkage of governmental budget. 


For public buildings, such as libraries, schools, old peoples’ homes, 
etc., government subsidies are prepared up to one half of the initial total 
cost of the solar systems including auxiliary heat our. This is very 
effective and being welcome by many project leaders. 


4. PASSIVE SOLAR HOUSES AND BUILDINGS 
4.1 Passive Solar Heated Houses 


It has been quite common to provide large south openings for the house 
in general and all of them in Japan may be called passive solar heated 
houses. Most of the apartment houses of concrete structure are being built 
in the same way to provide large south openings with balcony which functions 
as overhang for the premises below. 


Modern wooden houses, however, have rather smaller thermal capacity 
than the traditional ones which used much clay walls with or without stucco 
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finish. Houses with light weight construction is being preferred in general 
today as they can be built within relatively short period of construction. 
Due to a lack in thermal capacity, they often can be over heated in the 
daytime of sunny winter days and resulted in excessive heat loss. Concrete 
floors are recommended for houses of wooden construction to make direct 
solar gain stored within. 


Trombe walls are not so remarkably being applied in spite of a finan- 
cial support made by Japanese Ministry of Construction. Low interest loan 
for the thermal storage concrete wall of 200 mm thick and more than 7 m? or 
equivalent is prepared. This can be considered quite effective in reducing 
energy consumption and in promoting interest in passive solar among general 
public. 


However substantial reduction of heating energy has been realized 
principally by increased thermal insulation and air tightness of windows. 
Passive heating systems will work effectively in such buildings of minimal 
heat loss [f111. 





Fig.11 Matumoto Solar House, Sakado, Sitama Fig.12 Miki Solar House, Setagaya, Tokyo 
designed by T.lyama designed by Y.Kato 





Fig.13 Two sets of Tandem Type of Passive Fig.14 TEPCO All-electric Passive Solar Model 
Solar Houses of Tohoku Univ., Sendai House, Omori, Tokyo 


4.2 Passive Cooling 


On the other hand dehumidification is rather difficult and combined use 
of building materials with various degrees of porosity seems to give 
adequate characteristics. In fact the results of measurement in a traditio- 
nal house with thick clay walls showed lower humidity ratio inside than 
outside by 1-2 g/kg in a hot summer day. Ceiling surface temperature was 
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also found lower than room air temperature which was likely to be caused by 
moisture desorption from the surface, though a big roof and void space above 
ceiling helped a lot to prevent overheating [10]. Whereas modern houses of 
light weight construction with non-porous materials and smaller roof 
structure are giving rise to high ceiling surface temperature nearly 40°C, 
thus requiring room air conditioners. 


Earth sheltered buildings are not quite common in Japan, but some 
architects are attempting to design them. Evaporative cooling effect by 
earth cover containing moisture is so great that inside can be cool and 
comfortable under hot’ summer conditions, which was’ verified by field 
measurements [11]. 


Vegetation around buildings or balconies functions as sunshades and 
evaporative cooler to some extent. Cool air breeze can come into the house 
through plants where evaporative cooling takes place. Nocturnal radiation 
cooling is not so effective in Japan as in Mediterranean region because lots 
of moisture exit in the air even during the night. 


In short complex use of various kinds of natural energy is necessary 
for the house to cope with severe summer conditions as there is no single 
powerful device of passive cooling. 


+ 





Fig.16 Deep Inner Court of Niigata Prefectural 


Team Zoo Office Building, Niigata to allow for 
natural ventilation designed by Nikken 
Architects, Planners and Engineers 





peeing eo Oa 





Fig.17 Heavy clay wall storate type houses, Fig.18 Earth sheltered summer resort bld., 
Kawagoe, Saitama Nakano village, Gumma designed by 
Sakakura Architects 
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4.3 Nature Oriented Architecture and Healthy Indoor Environment - Conclusive 
Remarks 


Without mechanical air conditioning, we can work in light clothing 
under the indoor temperature of 29°C with slight breeze and if dehumidifica- 
tion can be realized by passive means, room air temperature up to 31°C may 
be accepted [12]. Allowing for room air temperature swing, occasional 
slight discomfort might be accepted and temporary breeze would stimulate 
occupants comfortably. Thus passive cooling may be achieved imperfect 
cooling with very low energy consumption. 


As for air conditioning, unpredictable hazard like overcooling disease 
around feet or indoor air pollution on account of poor ventilation has _ been 
sometimes apparent today. High technologies are makeing it possible tc 
realize optimum air conditioning for occupants who work with machines or 
mechanized occupants in modern intelligent buildings. Neverthless the air 
supplied through mechanical systems, no matter how perfectly it might be 
conditioned in terms of temperature and humidity, could not be compared with 
the air in nature. Human beings tend to dislike technologies and_ love 
nature, though we are owing the technolgies a lot. 


Now that the natural green is more precious than the buildings ir. 
modern cities, passive cooling idea may be graded higher than air conditio- 
ning based on technological logic. On the other hand passive cooling is 
also dependent on technical means and such technologies as offering us coo- 
sensation must be developed in the years to come. 
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DEVELOPMENT OF COMMUNITY SIZED SOLAR POWERED 
COLD STORAGE IN LIBYA. 


M.SASSI, F.A..ANSARI AND S.M.N. ISLAM 
MECHANICAL ENGG. DEPT., RAYA AL-KHADRA UNIVERSITY, 
TRIPOLI, G.S.P.L.A.J. 


ABSTRACT: | 


Average solar radiations in Libya vary from 2.0 KW.hr/m*. day to 7.35... 
KW.hr/m-. day and the average wind velocity varies from 2.78 m/s to 6.59 
m/s. A system has been discussed which integrates solar and wind energies, 
and stores it, round the clock, to run a small cold storage. Direct and 
diffuse solar radiations as well as those reflected from huge reflectors 
are allowed to fall over a solar pond. An electric generator coupled with 
a wind turbine shaft generates electricity, which is fed to an immersion 
heater put in the lower convective zone of the solar pond allowing the 
fluctuating wind energy to be converted and stored in the form of heat 
energy. The stored energy can be utilized by the generator of a vapour 
absorption system of a cold storage. 


1. INTRODUCTION: 


Average direct solar radiatiogs at most of the areas in Libyan Arab 
Jamahiriya vary from 2.0 KW.hr/m .day to as high as 8.9 Kw.hr/m..day » 
ayerage diffuse solar radiations vary from 1.0 KW.hr/m .day to 2.5 Kw-hr/ 
m .day and average wind speed varies from 2.80 m/s to 6.60 m/s. These two 
renewable and clean sources of energy have, therefore, a good potential if 
these are harnessed judiciously. Centre for solar energy studies in Tripoli 
has published sufficient data regarding solar radiations and wind speeds 
for same of * major areas in the Jamahiriya (1,2)- Some solar radiation 
data in table 1 and wind energy data in table 2 are quoted here to show 
the prospects of this energy in Jamahiriya. These data can be used to 
develop and design integrated systems to supply energy requirements of 
a small community sized cold storage. 


A survey of the population pattern shows that the community sized 
cold storages would be suitable in Libya. Agriculture, fisheries, dairy 
and poultry products are increasing every year. Installation of small 
cold storage in each farm will minimise the spoilage of the product. A 
survey of the solar and wind energy data shows that the average solar 
radiation is at its minimum during winter season when the average wind 
speed is at its maximum. Similarly, during summer season the average 
solar radiation is at its peak when the average wind speed is the lowest.. 
Of the late solar energy has got wide applications (3,4) in heating and 
coolding of space. Wind energy is also found to posses a good potential 
for providing energy required for low capacity systems (5,2). Both solar 
and wind energies are intermittent in nature and any system which utilizes 
these two non-conventional sources of energy must have provision for 
storage of energy. A solar pond will be best suited for this purpose. It 
is a shallow body of water containing dissolved salt which have a stable 
density gradient from lowest at the surface to highest at the bottom (6). 
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2. 


3. 


In the present paper, a system has been proposed in which direct,diffused 


and reflected solar radiations fall on a solar pond surface. Wind energy 
is harnessed with the help of a wind turbine, the shaft of which is conn- 
ected with an electric generator. The generated electricity is given as 
input to an immersion heater put in the lower convective zone or the 
storage zone of the solar pond. The stored heat energy will be used by 
the generator of a vapour absorption refrigeration system of the proposed 
cold storage. 


A shallow 3 meter deep solar pond is proposed as shown in Fig.(1). 
It contains 3 m deep water with dissolved salts to generate a stable 
density gradient. Direct, diffused and reflected solar radiations fall 
on the pond surface and these are stored in the form of heat energy 
mainly in the lower convective zone having a uniform high concentration 
salt. The reflector may be fabricated by using small plane glass mirrors. 
The whole mirror frame can be moved or/and titted in any position so as 
to concentrate the reflected beam of sun light on the pond surface. An 
electric generator is coupled to the vertical shaft of a wind turbine. 
The generated electricity is fed to a resistance heater, immersed into 
the lower convective zone of the pond. The solar and wind energies will 
suppliment each other and their reasonal distribution pattern will 
enable an almost uniform solar pond temperature. 


It has been reported in the literature (7) that for the Same condit- 
ions a water lithium bromide system is simpler and more efficient 
compared to the ammonia-water system. It is also possible to have 
a pumpless water lithium bromide system. The main disadvantage of the 
system is the limitation of lower temperature which is about 2°C. Due to 
this limitation a water lithium bromide system, shown schematically in 
Fig. (3), must be used for cold storages of fruits and vegetables which 
are cold preserved unfrozen. For fishery, dairy and poultry products, 
which are preserved in frozen State, the ammonia water system of Fig. 


(2) must be used. 


REFRIGERATION SYSTEM ANALYSIS: 


The cooling ratio of a vapour absorption system is defined as the 
ratio of the energy removed by the evaporator to the energy supplied 
to the generator. It increases as the condenser and absorber temperatures 
decrease. The most important parameter is the generator temperature as 
all the other parameters are almost fixed, being function of existing 
initial conditions. The cooling ratio increases with an increase in the 


generator temperature. For the ammonia water and water-lithium bromide 


cycles of Figs. (2) and (3) respectively, the cooling ratio is defined 
at (7): 

h 
OR ere : (1) 
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Fig. 2 Schematic of Ammonia-water System 
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Fig. 3 Schematic of Water-lithium bromide System 
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Fig. 4 Cooling Ratio versus Generator Temperature 


TT 


Where 
R is the circulation factor defined as 


Yr - Ya 
R= Ys - Ya. (3) 


Rees is the enthalpy of vapourization, KJ/Kg 
hes is lithium tremice cr ammorie weight, per cent, in the refrigerant 
vapour leaving the gererator. 


Ya is the weight concentration of weak solution (weak in refrigerant) 
leaving the generator 


Ys is the weight concentration cf strong sclution leaving the 
atsorber. 


h is entjalpy of water vapour, KJ/Kg. 
h is enthalpy of saturated water, Kd/Ke. 


The subscripts of erthelpies are in eeccrdance with Figs. 2 and 3 respecti- 
vely. 


A detailed thecretical investigation ras been carried out ty different 
investigaters (7, 8) regarding the desigr and cptimizetion cf weter-lithiur 
bromide end ammonia-water atsorrtionr refrigeration cycles. It has been 
shown that in gereral for fixed initial conditions and given refrigeration 
capacity higher generator temperature causes higher cooling ratio and resul 
ts into lower cost. It has also been reported that water-lithium bromide 
system operates at a higher cooling ratio and smaller heat exchange 
surfaces for the same conditions. 


4, DISCUSSION: 


The hot brine solution from the solar pond will be passed through the 
generator of the vapour absorption systems. The cooling ratio of a system, 
for a given set of absorber, evaporator and condenser temperatures, is 
found to be a strong function of generator temperature. One typical curve 
each for water-lithium bromide and ammonia-water system is shown in Fig. 4 
(77. It is found that there is an optimum generator temperature for which 
the cooling ratio is maximum. A thorough experimental and theoretical 
_ investigation is essential for the development of a cold-storage run on the 
solar and wind energies. During the summer season only solar energy may 
be sufficient for the vapour absorption systems. During winter, the cooling 
load of the cold storage falls cowr and only a solar svetem may seem to be 
justified. But during cloudy winter periods the system may not work at all. 
Incidentally during this period the vegetable and fruit production is very 
high. For the cold storages meant for these products there will be suffici- 
ent product and respiration heat to necessitate a continuous refrigration. 
Fortunately during such periods the wind speed is maximum and the wind 
system will meet the energy needs cf the absorption system. 


The temperature of the cold storage must be decided according to the 
commodity to be stored. The installation of such small cold storages on the 
production site will minimize the food spoilage. Such cold storages may be 
used as part of existing units for precooling purpose or as independent 
units for short term storage before transferring the commodities to the 
central storages for long term preservation. The heat energy of the solar 
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pond may also be used for heating or cooling of the farm-houses and 
nearby poultry or cattle farms. 


- CONCLUSION: 


The solar and wind energy data and population pattern of Libyan towns 
make it an ideal place for developing small community sized cold-storages 
whick get their energy supply from an integrated system using solar and 
wind energies. A water lithium bromide System is more suitable for 
situations in which the temperature of the refrigerated space is around 


2 C. For lower or freezing temperatures an ammonia-water system will be 


Les 


a 


3. 


4, 


more realistic. 
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ABSTRACT : | 

Among all configurations of air solar collectors, two of them were 
chosen to be tested. 
The objectives were to mike collectors as simple and cheap as possible and 
as efficient as possible so they can be used in any situation for 
agricultural products drying, or building heating at a low cost. The 
configurations chosen were : 
1 - Simple flow, i.e. flowbetween the absorber and the glass cover, 
2 ~ double flow, i.e. flow between the absorber and the glass cover and 

flow between the absorber and the back isolation with a mixing at the 


exit of the collector. 


1. INTRODUCTION : 

Solar collectors with air as the heat removing fluid have been 
used in many applications such as drying (Crops, construction materials,..), 
space heating, etc..Different types were built with different absorbing 
materials, iron or aluminum plate, painted black or coated with a selective 
surface, single or double glazing or even more, with different insultation 
materials (glass fibre, polyurethan, polystyren, etc..). However using more 


efficient materials means more investment in materials. 


In this work, we present a study done on two types of collectors 
made of material Commonly found on the mrket, relatively inexpensive. The 
theory is not repeated here since many anthors have gone throuzh. The 
report stresses mainly on the results of the experimental study. All the 


tests were performed in open circuit. 


2. EXPERIMENTAL APPARUTUS : 

The work presented here discusses two configurations of the air 
heater. These air heaters are made of the same materials. They differ from 
each other in the positionning of the absorber. The solar radiation is 
absorberd by an aluminum plate which is painted in black ( & = 0.96). The 
cover is a 0.04 m thick glass and the back side is made of polyurethan 
foam insulation covered with a wooden Sheet of 5 nm thickness. All mounted 
in a wooden frame. In . one type, fig.1, the air flows between the 
glass cover and the absorber plate and the other type, fig.2, the air flow 
is "Split" at the entrance, flowing partly between the absorber plate and 


the glass cover ,partly between the absorber plate and the back insulation. 





Fig.l. One channel collector. Fig.2. Two channel collector 
Configuration two. configuration one, 


1,Solar collectors; 2,Glass cover; 3,Aluminur absorber plate; 4,Polyurethan 
insulation ; 5, Pyranometer; X, Thermocouples. 

The aperture area of the collector was .1.920m X 0.86m and the 
flow rate was 0.0259 Kg/s and maintained constant throughout the 
experiment. 7 ox 
The inlet and outiet arc lLuperacures, agsorber plate, glass cover 
temperatures, back side tempe.u.ureswere measured with iron - constantan 
thermocouples connected toa philips recorder. The solar intensity was 
recorded using an Eppley pyranometer positionned at the same Slope as the 
collector. 

All tests were carried out outdoor at the Centre de Developpement 
des Energies Renouvelables. (Renewable Energy Center) Bouzareah Algiers. 

The collectors were set at on inclination of 45° facing due south. Ambiant 


temperature and ambiant wind speed were taken froma meteorological station 


near by. 


3. RESULTS AND CONCLUSION : 

In the theoritical study, it was clear that the flow was turbulent. 
The velocity was maintained constant by a wind rotary vane. A simple 
analysis shows that, in steady state, the efficiency of the collectors is 


given by : 


The behavior of the collectors is represented by some results 
shown in the figures. All parameters pertaining to the collectors are 


shown as functions of the solar intensity. 


The outlet air temperature for configuration one is higher than 


the one for configuration two for solar intensity up to 700 W/m? fig. 3 


The absorber plate temperature follows the same evolution as the 


outlet air temperature fig. 4 
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Fig.3 Outled air temperature as 
a function of solar 
intensity. 


Fig.4 Absorber plate temperature 
versus solar intensity. 

The glass cover temperature changes slightly with the solar 
intensity for configuration one, but for configuration two, this temperature 
seems to increase fig. 5. In fig. 6 we have the back side temperature for 
both configurations. Configuration one presents a temperature varying 
slightly with solar intensity ; on the other hand configuration two has 


an increasing back side temperature. 
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Fig, Fy Glass cover temperature Fig.6 back side “temperature versus* 
versus solar intensity. solar intensity. 


In fig. 7, the efficiencies are represented for both configurations 
From the observations, it may be concluded that the two channel flat 
plate collector presents a better efficiency. Considering Ref. [4] and 
increasing slightly the space between the absorber plate and the glass 
cover might improve the efficiencies, specially the two channel collector. 
Elsewhere, considering Ref. (5) , increasing the length of the collector 


might increase the outlet air temperatures and improve the efficiencies. 
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The choice for one of the two configurations depends on the 
purpose to be reached, good efficiency or high outlet air temperature. 
It is important to recall that the improvement in efficiency of the two 
channel configuration is gotten with the same material and little 
additional construction cost because the main difference between the two 


configurations resides in the positioning of the absorber plate. 


NOMENCLATURE : 

A. Absorber plate area, m* 

m | air mass flow rate, kg/s 

T mt ,T_ air température at the inlet section, outlet section and 


the ambiant, respectively, °C 


- Ty , T. Glass cover, absorber, back side temperatures ,respectively °C 


u r 

Q, Incident solar intensity, W/m? 

N Collector efficiency i.e ratio between the power imput to 
the air in the collector and the incident power. 
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TiFLUENCE OF SUSSTRATE TEMPERATURES ON 


CulnSe,, THIN "LLNS 


AeSe SHULYAN, Departiient of Phvsics, 
University of Chittazons, Chitte gong, 
panglidesh. 


ABSTRACT 


P type culnse, thin *ilius vrepared by coeveporetion 
technic vere studied vith the help of a 3canning Electron 
Microscone(SE.),2 Reflection of Iigh Energy Blectron Diffr 
aetoueter (RHEBED)and a Spectrophotoueter.The SE ilecrogra= 
phs showy that the best filus, with suooth surface topography, 
reasonable grein size end columnar growth, were obtained at 
500°C. The RUEED study confims the sphalerite structures 
for filus at substrate teuperatures T £400° C end chalcopr rie. 
te for T2450° C.the Spectronnotoieter study shors that the 

chalcony rite end sohelerite ctructures exhibit band Tay: OL 
epout teViinc of 0O.88e7 reenectivel: 


1. INTRODUCTION 


CuInSe, is a direct gan I-III-VI ternary semiconductor 
synthesised” in the year 1953 by Hahn et al [1]. Its 
anrnlication in non-linear ontics and ontical communication 
has been realised for a long time (2) . In Frhotowltaic 
apnlication, a solar cell with evanorated CdS on n-CuInSe 
Single crystal with conversion efficiency of 12% has already 
been renorted [3] . In thin film technology, as empha si sed 
today to nrovide an economically comretitive source of 
eléctricity by lowering cell cost, different novel materials 
were investigated over the last more than a decade. But 
CuInSe, in chalcbrnyrite structure with, band gan of 1. Otfev, 
absor ation coefficient of about 10°a@m ~, unity quantum 
effieiency and good environmental stability, was found to be 
the most promising one. Thin film small area CuInSe, /Cgs 
heterojunction solar cell has already attained a cofversion 
efficiency of 11% [41, the highest among all thin film 
cells. Moreover, a CuInSe,/Cds or its variations either in 
single heterojunction or in multinle: tandem cell still 
continue to be a viable candidate for a (10-15)% efficient 
terrestrial solar cell. But these devices still have a lot 
of drawbacks like low onen circuit voltage, non- 
reproductibility, small area consideration etc. 


However, the production of the basic CuInSe, films and 
understanding of its structural, optical and ele¢trical 
behaviours are till in the state of laboratory research. 
The films develored by thermal eveporation 4,5) ,sruttering 

2,Snray nyrolysis [7], molecular beam enitaxy [8] and 

electrodenosition [9] yielded solar cells of average 
efficiency aroung 7-8%. Composition and other properties of 
CuInSe, films are strongly dependent on growth parameters. 
Selenium deficiency generally gives rise to n tyre 
conductivity. So, selenium flow w rate hould be adjusted to 
set selenium supersaturation ratio of 2 at suitable 
substrate temperature which ensures p type conductivity and 
chalcoryrite structure. The Cu-rich and In-rich films were 
found to behave differently in respect of their structural, 
optical and electrical properties and excess of Cu or In 

roduced phases of selenides of copper and indium in the 
films [10] . 


This paper discusses the influence of substrate 
temneratures on the structural and optical properties of 
-CuInSe, thin films and correlates the optical parameters to 
t : 
he film’ structures. 


2. BXPERIMENTS 


P-type CuInSe, thin films were prepared by co- 
€varoration from t elements ina conventi opal diffusion 
wumy vacuum chamber at pressure of about 10 torr. A 
crossed Cu-In source arrangement with a carbon block at the 
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centre was made with tungsten boat for corner and alumina 
coated tantalum boat for indium. The selenium source was a 
high canacity granhite Knudsen cell. The conrer and indium 
derosition rates were controlled by feedback to their 
sources from an Blectron Imnact Bmission Snect ros cony (BIES) 
detection system (Laybold-Infliction Sentinel), whilst the 
selenium rate was measured using a quartz crystal monitor. 
The substrates were surrorted in close thermal contact with 
a substrate table whose temrnerature gould be controlled to 
+/- 1°%C un to a maximum of about 525°C. For this work, we 
used Corning 7059 glass as substrate. 


The surface tonogranhy was exanined by a Scanning 
Electron Microscore (SEM) Cambridge S, 50 in Secondary 
Electron Imaging (SSI) mode. For cemrnarison, the 
microgranhs of various films were taken at the same 
magnification and tilt angle.: The commositional study was 
done by the sane SBM using it in Bnergy Disrersive X-ray 
(EDX) imaging mode comnaring the data with that of the 
standard samrle. The crystalline quality of the dernosited 
films was assessed by RHEED in a JBM 120 transmission 
electron microscore. Here the samnles were mounted on a 
JBOL goniometer and a beam energy of 100KeV wq@s used 
throughout. 


For ontical studies, the transmittance and reflectance 
data w@ére recorded by a srectrometer Cary 17D in the light 
beam range 0.4 to 2.5 um. The reflectance measurements are 
very sensitive and has two comnonents - srecular and 
diffused. These comnonents were measured individually and 
then together. Finally, these readings were averaged to get 
the actual reflectance. The srecular reflectance was 
measured using a V-W mirror geometry accessory. The 
diffused and diffused nlus srecular reflectance measurements 
were carried out in an integrating srhere with Mgo 
reference. 


3. RESULTS AND DISCUSSION 


The SEM micxogganhs for three films derosited at 
temneratures 250°C, 400°C and 500°C are shown in Figures 1 
(a) Bc) resrectively. Here, the surface condition and 
anrnarent grain size are found to imrnrove with substrate 
temnerature. However, the most interesting observation in 
this study is that columnar film growth is observed only for 
the film develorned at substrate temrerature of 500 C. 


In thin films a variety of structures can be observed 
_ amornhous, nolyorystalline and enitaxial and Figure 2 (a), 
(),(c) shows the RHBED rhotograrhs of some of our films. 
Here a clean sequence of structures can te observed as 
function Qt substrate temrerature. Films denosited at or 
below 250°C are totally nolycrystalline with small grain 
size and they become more and more sharn with the 


increasing substrate temmerature un to 400°C. However, in 

all these films no reflection characteristics of tetragonal 
structure are observed. Thus, these films must have a 
disordered Cy-In lattice gcsulting Snhalerite structure. In 
films at 450°C £ZTs£500°C, traces of sunerlattice reflection 
characteristics of chalconyrite structure with fibre texture 
Orientation are observed. Our nresent observation confirms 

the results obtained earlier by Don et al f11). 


From these observations, it is evident that all films 
mréenared on Corning glass at Ts £400°C are srhalerite in 
structure. The formation of chalconyrite starts at ,Ts=450°C 
and for comnlete transformation it requires Ts=500°c, 


The ontical prorerties of CuInSe. films denend 
Strongly on their stoichiometry and Grystalline nromerties 
or in turn on their growth narameters, such as substrate 
temperature, flow rate etc. The ortical absorntion co- 
efficients for these filgmsare calculated using the 
generalised formula ¢: 


A= (/an, 1-R)* /2) #1) 


Where R,T and d stand for reflectance, transmittance and 
thickness resnectively. The transmittance and reflectance 
comronents data for a tyrical film at T = 400°C are shown in 
Figure 3. Using equation (1),the ontical absorntion co- 
efficients for our films are calculated, and Figure 4 shows 
the results for some of them. Here the values of the 
absorntion co-efficients are fund to increase with 
substrate temreratures or intern with imrroved crystalline 
quality. This observation surnlements the results obtained 
by Don (5), who showed that rhe transmittance decreases with 
corner content of the film and cu-rich films give higher 
absorrtion co-efficient than that of In-rich films. 


The general exnression for the absorrtion by 
excitation of electron across a band gan Bg is given bys 


X= (Afny) (B-ny )” (2) 


Where hYis the nhoton energy. Thus a nlot of (hy)? 
against hY¥ will give the value of Bg and it is 
exrerimentally established for amornhous films n=l, for 
Girect band semiconductor n=1/2, for indirect transition n=2 
and for forbidden direct transition n=3/2. For our films 
different rlots are tried and found to satisfy one with 
m=1/2, the case for diregt band transition. such rnlots for 
two tyrical films of 260°C and 460°C are shown in Figure 5. 
The standard value of band gan for Chalcoryrite Cuinse. is 
taken to be 1.04 eV. However, the values renorted by 
different authors over the last decase vary widely in the 
range 0.81-1.04 ev(12,13). H.Neumann (14) exnlained their 
discpefancies in terms of snin-orbit srlitting in 
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chalconyrite comrounds. In our study all the films nrerared 
at substrate temrerature Ts £400 C yield a unicug band ga 
value of about 0.88 eV and those nrenared at 400 c<ts4500 ¢C 
give another unique value of arnroximately 1.0 eV. Fran oux 
RHEED study it is confirmed the first series of films to 

of srhalerite structure and the second series more ex less 
to be of chalconyrite structure. 


The refractive index and extinction co-efficient of 
these films are also calculated by the method described by 
Manifacier et al (15). Figure (6) shows the variation of 
these two rarameters as a function of wavelength. Like other 
ternary comrounds (iej, very little variation of 
refractive index in CuInSe, with wavelength is also 
observed. Moreover, higher $temrerature films seem to have 
higher valuea for these two narameters. These behaviours 
can be justified from the observation of Gan et al (17) 
thatchalcornyrite structure gives higher reflectance than the 
srhalerite structure. 


CONCLUSION 


Since the structural, ontical and electrical 
nronerties of CuInSe, are solely derendent on nrenaration 
conditions, the wide’ variation in the quoted values of 
different narameters of this film by diéferent authors in 
literature may be linked ur to their growth narameters. Fran 
our study it is evident that the films «xm nossess a 
snhglerite structure for substrate temrneratures below or at 
400°C and chalcoryrit ve 500°C. Moreover, the snhalerite 
andchalcoryrite structures consistently exhibited band gans 
about O.88eV and leV resrectively. 


ACKNOWLEDGEMENT 


I thank Dr. M. Carter and Dr.R. Miles of Newcastle 
folytechnic for their scientific discussion and other help 
given to this work. The assistance of Dr.G.J.Russell, 
Durham University for RHBED measurements is armreciatede 


or 


REFERENCES 

(1) H. Hahn, G. Prank, w. Klinger, A.D. Meyer and G. 
Stranger, Z. Anorg. Allg. Chem, 271, 153, 1953. 

(2) S. Wanger, Inst. Phys. Conf. Ser., 35, 205, 1977. 


(3) J.L. Shay, S.Wagner and H.M.Kasrer, Arnl. Phys. Lett., 
27, 89, 1975, 


(4) R.A. Mickelson, W.S. Chen, Y.R. Haiao and V.B.Lowe, 
IBBB Trans. Blectron Devices, 31, 342, 1984, 


(5) B. R. Don, Ph.D. Thesis, Newcastle Polytechnic, UK,1984, 


(6) N. Romeo, V. Canevari, G. Sberveglieri and aA. Bosio, 
Solar Cells, 16, 155,1986,. 


(7) J.Bougnot, S. Duchemin and M.Savelli, Solar Cells, 16, 
221, 1986. 


(8) F.R. Whote, A.H.Clark, M.C. Graf and L.L.Kazmerski, J. 
Aprl. Fhys., 50, 544, 1979, 


(9) V.K.Kapur, B.M.Basol and B.S. Tseng, Proc. 18th IEEE 
Photovoltaics Specialists Conference, 1985, n 1429. 


(10)B.R. Don, R.R.eCoorner and R.Hill, froc. 6th 
Photovoltaic Solar Energy Conference, London,1985,p 769. 


(11)5.R. Don, G.J.Russell and R. Hill,Solar Cells, 16, 
131, 1986, 


(12)L.Y.Sun, L.L. Kazmerski, AeH.Clark, £.0.Ireland ana 
DeWeMorton, J.Vac. Sci. Technol., 15,265, 1978. 


(13)C.Rincon and J. Gonzalez, Phys. Status, Solidi B, 118, 
K21, 1983. 


(14)H. Neumann, Solar Cells, 16, 317, 1986. 


(15)3.C.Manifacier, J.Gaslot and J.Pp.Filland, J.Physics 
B., Vol. 9, 1002, 1976. 


(16)0.L. Shay and J.H.Weznick, Ternary Chal copyrite 
Semiconductorss Growth, Blectrical Properties and 
Annlications, fFergamon Press, Oxford, 1975, 


(17)J.N. Gan, J.Tane, V.G.Lambrecht and M.Robbins, Phys. 
Rev. Sect. B, 12, 5797, 1975, 


99 


FIGURE _CAPPLONS 
Fig. 1. SEM micrograrhs for CulnS¢ thin films at substrate 
temreraturess (a) 250°C, (b) 400 t: and (c) 500°C. 


Fig. 2. 100kV RHEED nhotograrhs of CuInSe othin films at, 
substrate +emreraturess (a) 250°C, (b) 4 CG and (c) 500°C. 


Figs 3. The transmittance fT, Specular reflectance R,, 
diffused reflectance R. and diffused rnlus srecular 
reflectance R data for a ¢yrical Culn Se, film at substrate 
gfemrerature 400°. 


Fig. 4. Plots of optical absorrtion co-efficient against 
waveleng+h for Cul Se thin films at substrate 

tempe raeuress 300°C (04, 400°c (A)j)m, 450°C (#) and 
500°C (*). 


Fig. 5. Plots of ( XKhY )? agains+ photon energy (hy ) 
for +hin CulnSe, films a+ subs+ra+e +emreraturess 260 C 
(+) and § 460°°C (@). 


Fig. 6. Plots of refractive index and absorption co- 
efficient against wavelength For thin Culpse, films nrenared 
at subsrate temreraturess 250°ca (x), 300 c “(O)¥, 350°C 
(OM) ana 450°C (@). 
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SOLAR ELECTRICITY AS A MOTOR OF RURAL DEVELOPMENT 


Lars Broman 


Solar Energy Research Center 
University College of Falun/Borlange 
P. O. Box 10044 | 
S-781 10 Borlange, Sweden 


ABSTRACT 


Rural development can benefit from solar electricity in a multitude of ways. Micro electrifi- 
cation is suggested as a first step and details of a current micro electrification project in The 
Gambia are presented. Also rural industries can be developed using PV panels. Appliances 
using 12V DC are readily available, making conversion to 220V AC less necessary. Tracking 
and moderately concentrating the sun may considerably help to lower the cost of PV pro- 
duced electricity. 


1. INTRODUCTION 


Rural development is a necessity in most developing countries in order to lower the rate of 
migration into urban areas. This development includes social services such as schools and 
health centers, improved farming techniques and infrastructure, and small scale village in- 
dustries. 


Access to electricity is necessary if modern technology is to be employed in the development 
process. In the absence of electric grids, electricity has to be produced in situ. Solar panels 
can begin to compete favorably with diesel generated electricity in many instances when the 
amount of electric energy required is moderate (1). Basic requirements of a majority of 
households in rural areas of developing countries have been estimated to a few Wh per day, 
clearly most economically produced by photovoltaic techniques. Even basic community 
needs of electricity could well be met by PV systems (2). Such an introduction of electricity 
is usually referred to as pre-electrification (3). 


The present paper deals with several aspects of rural electrification. Low-cost micro electri- 
fication is suggested as a first step and details of a current micro electrification project in The 
Gambia are presented. This project includes solar rechargeable flashlights for households, 
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solar battery chargers for radios in primary schools, and solar driven physics laboratory equip- 
ment for secondary schools. 


The possibility of rural industrial development using photovoltaic panels is then discussed. 
The cost per kWh used in manufacturing is much lower than the cost per kWh used by other 
sectors of the community, since the industry's electricity usage may be delivered directly from 
the PV panel and the use of costly battery banks is minimized. 


Different types of village scale industries employing solar driven high-tech equipment would 
be possible. It is proposed that 12V DC equipment should be used and the results of a pre- 
liminary survey of such equipment are presented. 


Furthermore, it will be shown that tracking the sun and using moderately concentrating de- 
vices may be economically favorable, especially when the PV generated electricity is direct- 
ly used by motors or other equipment. A cornet type concentrator developed by SERC and 
suited for use with PV cells is presented. One of the virtues of the square cornet is the even 
distribution of the concentrated sunlight at the exit aperture (4). Another virtue is that only 
approximate or intermittent tracking of the sun is required since acceptance angles can be 
made fairly large (5). | 


2. MICRO ELECTRIFICATION IN THE GAMBIA 


In the present study, several pilot projects of micro electrification activities in The Gambia 
will be performed. They all include technical test (in Sweden) of suitable equipment, im- 
plementation in The Gambia incl, maintenance training, monitoring the use of the equip- 
ment, and evaluation of the project. The following projects are planned: 


* Flashlights with rechargeable batteries in households. 
* Solar battery charging for school radios. 

* Solar powered school laboratory equipment. 

* Insolation measurements. 


We hope to be able to show that micro electrification can be successfully implemented in a 
developing country. When solar energy has got a foothold in a rural area, continued solar 
electrification can play a significant role in the development process (6). 


—— 


2.1 Energy Situation in The Gambia. 


The Gambia is situated at latitude 13 degrees north, *_ e. between the tropics. This implies, 
among other things, that the altitude of the sun at noon is between 80 and 90 degrees (90 de- 
grees = zenith) in the summer and at least 66 degrees in the winter (while in for example 
‘ Borlange, the sun’s altitude at noon varies between 6.5 and 53.5 degrees over the year). The 
- length of the day is fairly constant, 12 hours throughout the year, slightly longer in the sum- 
mer than in the winter. The rainy season, with alternating showers and sunshine, takes place 
during the summer. 
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The consequence of all this is that the insolation varies very little over the year. Measure- 
ments done at Yundum (the international airport) indicate that the number of daily sunshine 
hours varies between 6.0 in July and 9.5 in February, monthly mean values. The total insola- 
tion varies even less, between 5.0 kWh/sqm in August and 6.5 kWh/sqm in April, monthly 
mean values. Yearly average is 5.7 kWh/sqm and day (as compared to middle Sweden 2.5 
kWh/sqm and day). These and other figures in this section are from ref. (7). 


The Gambia consumes yearly about 15 TWh energy (uncertain figures. Sweden consumes 
about 400 TWh). Some 70 % of the energy is biomass (fuel wood) and the remainder im- 
ported oil. Charcoal production is prohibited since 1980 in order to conserve wood. A fac- 
tory that produces briquettes (wood substitute for cooking purposes) from peanut shells is 
running and supplies 1 % of the country’s energy needs. Electricity is mainly available only 
in Banjul and for the tourist hotels. 


As evident from the insolation figures, the prospects for renewable energy using the sun are 
quite good. The government has therefore established GREC, The Gambia Renewable En- 
ergy Centre. The Centre is to work under the Ehergy Department of the Ministry of Econ- 
omic Planning and Industrial Development (MEPID). 


Today, only one installation in The Gambia produces solar heated water. It is situated at the 
Hotel Training School outside Banjul and has been running since 1980. A minor plant for 
production of fresh water from salt water (solar still) is running since 1983 in Brikama. An 
investigation of possibilities to establish production of solar water heaters and to build a pilot 
plant with photovoltaic cells for water pumping, tele communication, etc. is proposed by 
GREC. Out of twelve suggested future projects, three deal with solar energy: solar water 
heating, photovoltaic cells and a solar dryer for farmers products. Obviously the goals are 
modest, but the decision to establish GREC indicates an official interest in solar energy. 


GREC takes part in a West African organisation for solar energy cooperation called CRES, 
CEAO/CILSS Centre Regional d’Energie Solaire, consisting of centers in nine countries. 


2.2 Presentation of SERC 


The project will be accomplished within Solar Energy Research Center, SERC. SERC isa 
part of the Faculty of Technology, University College of Falun/Borlange. SERC was estab- 
lished 1984, but solar energy R&D activities had been going on at the College for several 
years prior to 1984. 


Present research staff totals five and technical staff four. The yearly budget amounts to about 
SEK 2.0 million. Half of this comes from a 3-year grant from the Swedish National Energy 
Administration (STEV), half from project grants. 


Present R&D activities of SERC include 

- computer simulation of solar heat plants, 

- evaluation of solar heat installations, 

- solar electricity in developing countries, 

- concentrator geometries and solar materials. 
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2.3 Method and Procedure 


The goal of the Gambian project is, generally, to find a technology level of photovoltaic solar 
energy that can be implemented in rural areas of developing countries and at the same time 
make way for future larger projects. The goal is also, specifically, to develop suitable equip- 
ment for implementation. 


In the present study, four different projects with increasing technical, and thus implementa- 
tional, difficulties will be performed. Technical details of the projects will be given in the 
next section. Each project will follow these steps: 


(1) Choice, technical test and primary technical evaluation of equipment. The more compli- 
cated projects include technical development as well. 


(2) Preparations of implementation. Choice of counterparts (people, schools, workshops). 
_ (3) Implementation. Training of counterparts. 


(4) Monitoring the use of equipment. This will be done regularly by personnel from GREC 
and at intervalls by personnel from SERC, and include help with management, spare parts 
and reparations. 


(5) Evaluation. This will be done in parallel with the monitoring by observing and question- 
ing. Technical function and usefulness of the products will be evaluated as well as attitudes 
and knowledge levels of counterparts. Others, like representatives of CRES, will get chan- 
ces to follow the projects. 


2.4 Technical Descriptions 


2.4.1 Flashlights with Rechargeable Batteries. 


We have investigated one Swedish-made self-contained unit with flashlight, batteries and 
solar cells all in one housing. While the results were far from convincing, further tests of other 
examples will be done. 


Very reliable small battery-chargers as well as flashlights are readily available and can be 
used as separate units. They are slightly more difficult to use but seemed to work well in a 
very preliminary test in Tanzania (8). 


It should here be pointed out that access to flashlights may help the introduction of wood 
Saving wood stoves; the light from such a stove is much less than from an open fire and may 
have to be replaced (9). Whether this argument is valid in The Gambia is presently not known 
to us. 


2.4.2 Solar Battery Chargers for School Radios. 


The cheapest sofar battery chargers can charge only small (type R6) batteries. The first tests 
have indicated that such chargers and batteries (used in holders) provide sufficient power 
for the radios common in Gambian schools. This combination might, however, prove to be 
too marginal in the long run. Therefore, also a combiriation of a larger (but still small) photo- 
voltaic panel and battery holders with larger batteries will be tested. 


This is a project which, if it works, can have a fast and positive impact. All primary schools 
in The Gambia, and there are 161 of them, are equipped with radios (provided by UNICEF) 
and the radio station in Banjul frequently sends school programs. Lack of batteries and lack 
of funds to purchase batteries prevent the majority of schools from using their radios. 


2.4.3 Solar Powered School Laboratory Equipment 


We have constructed two experiment kits for the Futures’ Museum in Borlange. One is a 
small box with lampholders, bulbs, electric motor, switch, battery, cables, and contacts. It is 
intended for the very basic learning of electricity and could be developed into a solar powered 
unit. The other one is an experiment kit in digital electronics and an instruction book comes 
with it (10). Digital electronics draws very little current so the kit is easily converted to solar. 
The book (or parts of it) would have to be translated into English, since it is presently only 
available in Swedish. While the first kit is suitable for primary schools, the second kit is in- 
tended for the senior technical high school. 


Other commercially available kits in electricity, analog electronics, etc. are available and 
might prove useable. 


2.4.4 Insolation Measurements 


We are in the process of developing simple solar measuring instruments using photovoltaic 
cells as light-sensitive elements. They can be used either with manual reading of an ampere- 
meter of coupled to a small computer using an interface with AD-converter. Both kinds of 
equipment are planned to be brought to The Gambia and set up in a couple of places. De- 
tailed knowledge of the insolation is almost nonexistant and vital for the future of solar en- 
ergy in the country. Tests of how such a meter performs in a tropical country will hopefully 
lead to a reliable and inexpensive instrument which is easy to use and thus having prospects 
to become widely used. 


3. RURAL INBUSTRIAL DEVELOPMENT USING PV PANELS 


3.1 Solar Powered Electronics Workshop 


The possibility to build small-scale but high-tech village industries and the possible impac- 
of such industries on rural development has previously been discussed by us (6). A first step 
in the development of such a concept would be to construct and equip an electronics work- 
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shop aimed at servicing (solar powered) household electric appliances; firstly flashlights and 
radios, later maybe fluorescent lamps, TV sets, refrigerators, ete. Maybe such a shop could 
be equipped to build photovoltaic panels from solar cells, electronic regulators for solar elec- 
tricity systems, etc. 


A small industry’s demand of electric power is typically during daytime, so a high percent- 
age of its electricity need may be delivered directly from the PV panel. This is favorable, 
since battery banks are costly and not always trouble-free (11). 

There is no general agreement whether 12V DC or 220 V AC systems should be preferred 
(12). We have however found a multitude of 12V equipment intended for mobile developed 
country use, and therefore believe that the higher simplicity and efficiency of the 12 V sys- 
tem speaks strongly infavor of it. 

3.2 Survey of 12V DC Equipment 

We have made a survey of 12V DC equipment available on the Swedish market. Our list is 
by no means complete, but we have entries under the following headings (with examples 
given): 

3.2.1 Computers and Electronics 

Computers and printers (Bondwell, Epson, Toshiba), photo copier (Canon; soon available), 
oscilloscope (Hitachi), soldering equipment. 


3.2.2 School and Education 


Tape recorder, radio, TV, physics experimental equipment (PHY WE). 


3.2.3 Domestic 


Electric bulbs, fluorescent tubes, refrigerators (Electrolux), immersion heater, percolater, 
vacuum cleaner, flat-iron, shaver. 


3.2.4 Tools and Motors 


Drilling-machine, circular saw, universal saw, grinding and polishing machines, engraving 
pen (Minicraft, Black&Decker), DC motors, fans, water pumps (Bosch), compressors, elec- 
tric winch. 
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3.2.5 Communication 


Outboard motors (Johnson, Mercury), motor cycle, truck (Bendix), intercom, local tele- 
phone, radio telephone. 


4. TRACKING AND CONCENTRATING 


There are certain advantages by concentrating the sun. Reflecting materials cost only a frac- 
tion per sqm of what PV cells do. Several authors indicate lower cost per kWh from PV con- 
centrating collectors (13, 14). Low concentrating systems and even non-concentrating flat 
plate tracking systems have also been shown to be cost effective (15, 16). We have constructed 
a cornet type PV concentration system, which has qualifications to become quite cost effec- 
tive, especially for small industry and other applications, where no or little storage is required. 


4.1 The cornet concentrator photovoltaic panel 


Cornets belong to a class of concentrators called nonimaging concentrators. The cornet ge- 
ometry has been mathematically described elsewhere (5). One virtue of a nonimaging con- 
centrator is that a large acceptance angle d is possible to achieve. The theoretic maximum 
concentration C(max) is given by C(max) = 1/sin*d (17). 


FOUR DIFFERENT CORNET 


GEOMETRIES 
aie 


SQUARE CIRCULAR 





SQUARE TOP, CIRCULAR WITH 
CIRCULAR BOTTOM TOP LENS 


We have done calculations and computer analyses of the cornets shown in the figure: (a) 
square cornet, (b) circular cornet, (c) circular cornet with a lens, and (d) cornet with square 
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top and circular bottom (4, 16). The optimum geometry for PV applications seems to be the 
combination of square solar cell and square cornet, since this is a concentrator without "hot 
spots" at the bottom. 


We have performed clear sky measurements of the maximum electric power output from 10 
cm x 10 cm standard square Solarex PV cells without concentration and with six different 
cornet concentrators made of polished aluminum. The only "customizing" we did was to 
solder two 1.5 mm copper wires onto four points each of the surface grid of the cell. The re- 
sults are summarized into the empiric formula 


P(C)/P(1) = 0.44 + 0.56 C (1) 


where P(C) is the output at geometric concentration C and P(1) is the output with no con- 
centration. The value 0.56 (instead of the ideal 1.0) is due to the fact that diffuse light can- 
not be concentrated, that the reflectivity of the aluminum was about 0.75 and that cell 
temperature increases with concentration. The formula is applicable up to C = 4.5. 


4.2 Tracking the sun 


When concentrators are used, the sun has to be tracked. The use of cornets decrease the re- 
quirements of precision. As Robbins (18) has described, so called passive sun-tracking using 
freon-filled tubes can easily track the sun within 2 degrees. With an acceptance angle of 5 
degrees, manual redirection every 40-60 minutes will work fine. With higher cornets, 10-15 
degrees acceptance angles are easily reached with correspondingly longer intervals between 
redirections. 


Tracking, even if it is url-precise, increases the energy output from a solar panel even if it is 
just a flat plate panel that doesn’t need tracking. The table compares the daily output from 
a tracking and a fixed (latitude tilt) collector during a clear day (beam and diffuse light) at 
some different locations and dates. The output from the tracking collector is between 32 and 
53 percent higher than the output from the fixed collector. 


Table 
Relative daily clear day outputs from PV collectors 
Location Equator Tropic 
Summer Winter 
Time of year Equinox Solstice solstice Equinox solstice 
Tracking coll. 100 97 111 97 77 
Fixed coll. 76 68 19 74 58 


The difference is even more striking if we regard the special case of a DC motor running di- 
rectly on the current from a PV panel. In a crude mathematical model, curtent output from 
the panel is proportional to insolation and the work done by the motor is proportional to the 
current squared. Tracking the sun increases the work done between 49 and 89 percent. 
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A third comparison between the two geometries uses the fact that the output from a track- 
ing collector is fairly constant during several hours of a clear day while the output from a 
fixed collector has a typical "Cosine" shape. Since the use of electricity ina small industry can 
be assumed to be fairly constant throughout the day, extensive use of ene storage can 
be avoided only if tracking is employed. 


Calculations show that the power from a tracking collector exceeds 75 % of (yearly) maxi- 
mum around 8.5 hours per clear day at the equator and between 6.5 and 9.5 hours per clear 
day at the tropic, depending on the season. The same figures for a fixed latitude tilt collec- 
tor is only around 4.5 and between 3 and 5 hours, respectively. The improvement is striking 
and strongly suggests the use of tracking for industrial and similar applications. 
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Education in the field of solar energy 


Reinhard, Kurt, Dipl.-Ing. (TU Berlin) 


Reinhard Solartechnik GmbH 
An der Riede 7 


D 2803 Weyhe 
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Bias and prejudice, largely based on ignorance and misinformation, are 
preventing the spread and application of solar energy on a worldwide basis. 
However, in the future it will be this solar energy which can and must be 

the only solution to our energy and environmental problems - for it is 

solar energy whose availability is inexhaustible. In addition, it is the 
application of solar energy which can prevent combust ion, radiation and heat 
emission into the atmosphere. Mankind has been educated and indoctrinated to 
think mainly in economic terms - and herein lies our problem: for it is a 
fact that during the past two generations, and even today, the burning of 
fossil fuel (coal, oil and gas) represents the cheapest method. The damage 

to our environment which is caused by the emission of carbon dioxide, sulfur 
oxide and nitrogen oxide has been recognized by a few scientists and other 
some time ago: however, the suppliers of energy have tried to hush up this 
information - or at leaSt to water down its impact. It has only been during 
the last few years that the public at large has been aware of what problems 
are being caused - and will be stored up for the future - through the burning 
of fossil fuel as well as from the use of nuclear energy. Despite all this, 
the probtems are being minimalised by the energy industries, e.g. the oil] anc 
gas companies as well as the electricity authorities. These enterprises, with 
their vested interests, which can avail themselves of huge advertising bud- 
gets, find it relatively easy to influence public opinion in their favour. 
This process starts by their calling into question the ecconomic viability of 
solar energy and ends with poli i i n°” s trying to explain to the public that 
future generations will find it impossible to manage without nuclear energy. 
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Vis a vis such attitudes, the advocates and users of clean and unlimited 

as well as benign sources of energy have so far had little chance because 
their source of energy is not as saleable commodity and hence they are not 
represented by a lobby. To this end, we can make our con tribution by dis- 
covering and applying alternative sources of energy for heating our domestic 
hot water and room heating and the heating of swimming pools, als well as . 
for use in the commercial and industrial realm. If, however, our children 

of future generations are to find an environment in which it is worth living 
it will take great efforts to replace, within a short time, this fossil 
energy (which, in any case, is exhaustible) and nuclear energy with environ- 
mentally-friendly and unlimited energy sources such as solar energy, wind 
energy, water energy or the heat of the earth. To con tribute to this effort 
now, we can seek and use alternative methods of heat for the preparation of 
domestic hot water, for heating our houses and for the heating of swimming 
pools, as well as for use in the industrial and commercial realms. A substi- 
tution or replacenentof hitherto-used energy sources can in the future 
possibly be achieved by means of a worldwide hydrogen technology. One should 
for example, produce hydrogen in desert areas (which are not used for any- 
thing else) with the aid of solar energy and hydrogen could then be trans- 
ported in pipelines or tanks to all parts of the world where it coutd be 
used to power heating and electricity installations. All these possibilities 
are yet virtually unknown to the population at large. The introduction and 
application of alternative energy which, within the course of the next two 
generations will be imperative in any case, is however only possible if we 
familiarise ourselves with this type of energy supply thoroughly now. 


For this very reason, it is imperative that the idea of alternative energy 
sources be integrated into human learning process from the earlieststage and 
is then carried on from childhood into old age. Since, however, we human 
beings are known to react more to emotion and feelings than to reason, prac- 
tical demonstrations of the possibilities will achieve their aim more rapid- 
ly and effectively than would a purely theoritical explanations. On the 

other hand, in certain areas, the theoretical observation of problems is un- 
anavoidable for the further development of techniques. Basically one ought to 
ask that the topic of energy - and especially solar energy - be included in 
the education process of all children and adults. Depending on age, there are 
certain stages of development which are clearly mapped out. These stages of 
development must contain topics on solar energy. To start with, there are 

the following stages of development: 


Until 
areas 
there 


After 
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1 - 3 years old 

The child is near his mother 

4 - 10 years 

The child attends primary school 

10 - 15 years 

The child attends secondary school 

15 - 18 years 

The child attends a grammar school, the upper forms of 
secondary school or 4 vocational college 
18 - 25 years 

Polytechnic or University 

25 years plus 

Taking part in courses, seminars, lectures. 


the end of the compulsory school age, there are not many differing 
in the learning process. However, once compulsory education has ended, 
are several avenues the young person could take: - 


The young person enters an apprenticeship with a view to 

gaining a diploma. 

The young person continues at school to sit his A-levels or attends 

a 6th Form College with a view to future attendance at university 

or polytechnic. Initially, the route to admission to a polytechnic or 
university is the attainment of A-level grades. 


completing an apprenticeship and school, further steps on the edu- 


cation ladder can bei sub-divided as follows: 


1. 


The apprentice has completed his training and does not undertake any 
further education or training. However, if he takes this road, he will 
be compelled to educate himself further at various stages during his 
working life in order to hold down his job until he draws old-age 
pension. 

The apprentice has completed his training and continues to take a 
diplom course in order to reach the top of his trade/craft. 

The pupil has completed his secondary education and has attained his 
A-levels, He then attends a vocational school, polytechnic, technical 
college or university. Lately even young persons with an Abitur 
(A-level) have been entering into apprenticeships. Even when this 
training has been completed, he or she will have to attend different 
courses during the working life in order to keep up with the latest 
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and rapidly- changing developments in his/her field. The con- 
tinuing education can be divided into the following areas: 


Evening courses 

Special seminars in his/her particular field and conferences. 
Seminars and courses which are conducted by firms themselves 

for their emplayees. 

Re-training from a trade/occupation which is no longer required to 
one that is in view af new developments. 


The following again demonstrates the different stages and subdivisions and 


how can integrate learning into each of these:- 


1 


1 - 3 years 

At this age, in addition to the usual stories which a mother tells 
or reads to her child, there ought to be stories about the sun. 
Any demonstration of technical tests at this age is not yet desirable. 
3 - 6 years 

The child attends a kindergarten. Sice it now plays with building 
blocks, one should try to incorporate elements with moving parts such 
as wind mills, water mills/wheals, little cars which are driven by a 
miniature electric motor which could be powered by a solar cell. In 
this way, the child will learn that movement and power can come from 
light and that it is not always necessary to use a battery or elec- 
trical power. There are for example solar-powered toys like boats, 
key rings which play a tune, solar-powered radios and so on. The 
power of the sun’s rays is especially demonstrated by means of infla- 
ming paper using a lens or by solar cooking. 

6 - 14 years 

The child attendsschool and in the upper forms he might attend 
physics lessons. In addition to toys already described earlier which 
can be used here also, other appliances or equipment can be used 
which further demonstrates to the pupil the use and application of _ 
solar energy. Thé pupil should learn that the output of a solar in- 
stallation depends on its size; that the temperature which can be 
reached depends on the construction and that while producing electric 
current from the sun’s rays, one can change the poling of the solar 
cell and thereby let the motor run forward or backwards. It can also 
be demonstrated that since sunshine ist not available at all times, 
one can also store solar energy. 
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For this, there are the following physical apparatuses: 


3.1 A simple solar energy collector. It contains, for example, a thermo- 
meter and will be placed in the sun and depending on time of day and 
the intensity of the sun, different temperatures can be reached. In 
this way, one can demonstrate to the child what high temperatures can 
be reached by means of such a simple solar energy collector. For even 
today, a lot of people are convinced that temperatures over 50 to 
60 degrees C cannot be reached by means of a solar apparatus. However 
in reality with such instruments, temperatures of over 150 degrees 
have been reached. A further application of solar power could be for 
solar-powered wrist-watches, as well as pocket calculators and radios 
in addition to solar driven battery chargers for small batteries 
which can be used in radios. 


During physics lessons, the following would be suitable: 

3.2 A simple solar energy collector coupled with a small heat storage 
vessel and an circulation pump. With the aid of this equipment it can 
be shown that the sunlight together with the pump can produce heat 
from the collector, and the heat from the solar collector can be 
transferred into the storage vessel and if this vessel is properly 
insulated, heat can even be stored for some considerable time. 


Such an apparatus is shown in Figure 1 which also shows its 
compact construction. This apparatus consists of a solar energy 
collector, a storage vessel, a circulation pump, a flowmeter and two 
thermometers in this solar circuit as well as a thermometer in the 
storage vessel. With the help of an artifical source of light (or if 
the experiment is conducted out-of-doors with sunlight), the collec- 
tor is heated and transmits, with the aid of the pump, this heat to 
the storage vessel. With the measuring implements one can then 
measure input and output temperature and with the help of the 
through-flow quantity/time unit, one can determine the heat output of 
the collector. With the help of the thermometer and time clock, one 
can determine the heat loss of the storage vessel. Different collec- 
tors can be used for different purposes: for the heating of swimming 
pools, one could use non-glazed collectors and for the preparation 

of domestic hot water in sunny countries, one could use black- 
lacquered glass panels. For the preparation of hot water in areas with 
less sunshine, one should use absorbers which have been selectively 
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coated and are then covered with highly-transparent glass. All these 
possibilities can be explored with the aid of this equipment above. 


The variable parameters are: 

1. Absorber black, absorber selective 
2. With or without insulation 

3. lor 2 panels of glass 

4. Normal or highly-transparent glass. 


Assuming oné measures the heat emission of the collector under the same 
light conditions and the identical flow-through quantities per time unit and 
the time it takes to heat the storage vessel, these differences can be de- 
monstraed clearly.Figure 2 shows the different results of measurements for a 
collector containing 1 or 2 panels. This apparatus is useful for demonstra- 
tion to younger children and also can be used to show to older children the 


different methods of construction. 


In order to demonstrate how electric current can be produced from sunlight, 
the equipment pictured in Fig. 3 is suitable. This apparatus consists of a 
solar cell which has on its reverse side a cooling and heating panel. This 
cooling and heating panel can reach various temperatures with the aid of a 
thermostat. The solar cell is connected to a variable resistor and contains 
2 measuring gauges for the measuring of tension and flow of current. With 
the aid of the variable resistor, one can simulate different users and the 
typical diagramm of the solar cell can be demonstrated for different inten- 
sities of sunlight and different temperatures thereby reached. 

For the demonstration of producing mechanical energy from solar power, one 


can use a combination of a concentration mirror and a Sterling motor (Fig.5) 


4. 


15 - 20 years 

One can use the above-mentioned equipment for use in schools and for 
vocational training at places of work, the only difference being that 
the experiments will be executed in a more detailed and exact manner. . 
In addition teachers could conduct special courses whereby, for 
example, a solar energy collector could be built from individual parts 
and could be equipped with a small storage vessel, a gauge and a 
circulation pump. Here we have a small solar heating installation. In 
physics class one should also demonstrate the production of hydrogen 
with the aid of a simple experiment. A apparatus to split water into 
hydrogen and oxigen, which is based on the electrolysis of water, is 
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powered by a small solar cell. The hydrogen and oxigen obtained 
could be stored in small gasometers, can be combined again later 
and will demonstrate the combination of hydrogen and oxigen by 
burning to make water. 


In order to get exact evaluations of all experiments, the intensity of the 
light source must be known. The apparatus which transforms light into other 
forms energy has to be lighted evenly. One can achieve this in the laborato- 
ry by means of a quartz lamp which lights an even space or one can achieve 
this in natural sunlight. In order to arri ve at thé exact intensity of the 
insolation, one uses light meters. Universities which conduct more exact 
experiments use Pyranometers, used by meterological stations. For simple 
experiments one can uSe a so-called hel iometer. (Fig. 7). By means of the 
heliometer it can be demonstrated how the intensity of the sun can 
fluctuate considerable. One can show fluctuations originated by humidity 

in the atmosphere which pass the sun. With the naked eye, one can frequent- 
ly not even perceive theses fluctuations, while the measuring gauge shows 
then clearly. Additional characteristics which influence the planning of 
solar installations very strongly are, for example, other liquids used in 
solar installations - liquids, whose properties differ strongly from those 
of water. Theses liquids should not be allowed to freeze in winter, and 
when the solar installation is switched off in the summer must not overheat. 
These liquids, mostly based on glycol, have a much higher viscosity than 
water. Therefore the output of a circulation pump is much lower using 

these liquids than for using water and the diagrams supplied by the manu- 
facturers base on using water. The flow resistance of these liquids is also 
much higher in pipes than it would be were water is used. The usual litera- 
ture which describes the planning of pipes and pumping systems hardly 
mentions these characteristics which differ so greatly from those of water. 
However, engineers who build solar installations must be aware of the above. 
In order to demonstrate the problems which are specific to solar heating 
installations, and to: produce diagrams for pumps as well as for pipes, the 
measur ingapparatus (Fig. 8) has been developed. The different liquids, with 
their different viscosities, can be used in this apparatus. It contains a 
small heat resistor which can heat the liquid to various temperatures. This 
is therefore necessary because the viscosity of these:liquids differs 
greatly depending on the temperature - which is not the case with water. 
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To this apparatus different pumps for measuring can be added. One could 
also add to the system valves etc. for which the flow-through resistance. 
could be measured. The flow-through can be measured with a flowmeter which 
is simlar to a water meter, and a:stop watch. This method is the cheapest 
and is also very exact. In front of and at the rear of the apparatus for 
which the flow-through has to be measured, the re is a pressure gauge. This 
gauge is connected to a pressure meter andshows there the pressure differen- 
ce on an analog or digital display. 


In order to show that liquid expands in rising temperatures and that pressu- 
re increases, the apparatus can be equipped with 2 individual analogous 
pressure gauges. Figure 9 shows the diagram of a pump which is usual in 
solar installations and can be used with water as well as with a highly con- 
centrated glycol which reaches the boiling temperature of 180 degrees C at 

2 bar over-pressure . Figure 10 shows the diagramsloss of pressure as a 
function of the flow-through for copper piping for water as well as for the 
highly concentrated glycol. 


For tradesmen and people who install solar heating installations, the 
manufactures offer courses and seminars. During these courses the different 
areas of application and switching mechanisms are explained and possibly 
even demonstraed on practical models. In addition, each individual component 
of the solar installation is explained thoroughly, in theowtical and practi- 
cal terms. Within this belongs also the explanation of how the different 
liquids used to differ in their properties and reactions. Problems occur 
frequently when a heating specialist who installs a heating system is asked 
by his customer to install pipes for a possible future installation of or 
conversion to solar energy. These pipes are mainly intended for water and 
later on when glycol is required to run the system, these pipes prove much 
too narrow. These problems can be prevented if there is proper information 
and training. Another problem lies in the fact that many people are convin- 
ced that Northern Europe does not have sufficient sunshine. In reality the 
difference between the summer (sunshine) half-year in Northern Europe 
expressed in hours of sun is only 20 to 30 per cent less that it is in, for 
example, North Africa. Taken on an annual basis, it can be seen that even 
the "sun-richest" area of the world has only 2.4 times as much sun energy 
as Northern Europe. An additional problem is that solar energy is often 
linked to the idea of generation of electric current. Since, however, the 
energy use of industrial nations can be broken down into 80 per cent for 
energy for heating and only 20 per cent for electrical energy., the potential 
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for saving on the heating energy is much greater. In addition, installations 
for the generation of heat from solar energy are even in this day and age 
relatively cheap where as the generation of electrical power from solar 
energy is still relatively expensive and, to a large extent, still in its 
development stage. The idea that solar energy is primarily used for the 
generating of electricity is, for example jn the German Federal Republic, 
fostered by the electricity generating boards. They try to divert attention 
from the fact that it is nearly within everyone s financial reach to afford 
a solar heating installation in order to heat their domestic water, their 
houses or their swimming pools. Solar-powered electricity installations are 
not yet feasible because of the high cost. The utility companies (gas, coal 
and electricity) try to influence the general public in thinking that solar 
energy is not aconomical by concentrating their information on the produc- 
tion of electricity (which, it is true, is still expensive and in its early 
stages) and neglect to inform the public of how solar energy can be used for 
heating. In this way they ensure that people continue to buy their products 
(coal, oil, gas). 

If solar energy were introduced more widely (bases on adequate and true in- 
formation), the utility companies would suffer a tremendous loss in their 
turnover and hence profits. 

A family could save 1 000 litre of heating oi] or 1 000 cubic metres of gas 
or 2 000 kWh of electricity if they were to switch to solar heating only for 
their domestic water. 

This would indeed represent a loss to the utility companies. 


One has to counter strongly this spreading of false information regarding 
solar energy. To achieve this, a visit to solar installations which have 
been operational for some time can be arranged. People who have solar 
heating installations in Germany primarily installed these because of their 
concern for the environment. They consider the economic reasoning as a Se-- 
condary factor. They maintain the motto: What’s the use for saving money 
now if we have to spend umpteen times as much later on in order to try to 
repair an environment which has been spoiled. These people will be very 
pleased to show their installations to interested parties and to exchange 
their ideas and experiences. Visits of this nature should be arranged by 


schools and by firms for their apprentices. | 
The consequential incorporation of solar technology and the application. 


of solar energy into education can therefore make a great contribution 
of the maintenance of the ecological equilibrim of our planet. 
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Figure 1 
Solar- thermal demonstration system 
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Experimental results from solar thermal demonstration system 





Figure 3 
Photovoltaic demonstration system 
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Typicat characteristics of a 
photovoltaic panel (Solarex) 





Figure 5 
Stirling engine 
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Pocket heliometer 
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Solar - hydrogen - economy 
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Circulation pump test apparatus 
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Typical circulation pump diagram for different fluids 
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Figure 10 
Typical flow through diagram for pipes and different fluids 
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PART 3 
NUCLEAR ENERGY 
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THE PROPER DOSES DETERMINATION FOR POTATO (UP TO DATE) VARIETY 
CULTIVATED IN JAMAHIRIYA USING Co-60 SOURCE 


Sharif, M.M., Rhiem, A.A., El Hanshr, O., Ebozidi, M., 
and Wanis, A. 
Tajoura Nuclear Research Center 
P.O. Box 30878 
Tajoura (Tripoli) Libya 


We aimed by this study to determine the best dose which have the exce- 
llent result and low effects on the organo-leptic, and chemical constitu- 
ents using Gamma-ray emitted from Cobalt-60 as a radiation source. 


The samples were irradiated with different doses, the 0.10 K Gy asa 
proper dose was obtained which inhibit the sprouting in potatoes (up-to- 
date) variety and can keep this variety in the normal storage conditions 
for more than 6 months with very low losses not exceeding 15% and with no 
significant difference in Vitamin C content and sugars (reducing and non- 
reducing sugars). 
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"CALCULATION OF THE FISSION PRODUCTS ACTIVITY 
RELEASE RATE TO THE ENVIRONMENT FROM A NUCLEAR 
POWER PLANT FOLLOWING A LOSS OF COOLANT ACCIDENT" 


ABDULLAH A. EZZEDIN AND M.A.WADUD MONDAL 
NUCLEAR ENGINEERING DEPARTMENT, THE UNIVERSITY 
OF RAYAH EL-KHADRA, TRIPOLI ,LIBYA. 


ABSTRACT: 


An exponential release model has been developed to calcul- 
ate the fission products activity release rate to the environ- 
ment from different barriers of a nuclear power plant.The 
reactor barriers considered are: (1) The primary system (2) 
The primary containment and (3) The secondary containment. 
Using this model, calculations have been performed to estimate 
the release rate of the two important fission products I-135 
and Xe-135 to the atmosphere from the different barriers leak~ 
ing at different rates. Results suggest that the use of a 
secondary containment highly réduces the release rate of the 
radioactivity to the environment. 


1. INTRODUCTION: 


Nuclear plants emit small amounts of radioactivity, mostly 
fission product gases, during their normal operation. They may 
release considerably more radioactivity during the course of 
an accident. In order to evaluate (a) The environmental ampact 
of the normally operating plant, (b) to assure this ig within 
acceptable standards and (c) to ascertain the radiological 
consequences of reactor accidents, it is necessary to be able 
to calculate the release rate of the radioactivity and the 
doses to the public from such releases. 


The processes involved in the release and transport of 
radioactivity under hypothetical accident ccnditions are ext— 
remely complex. It appears that only limited data of uncertain 
pertinence are available(1-8). Most of the calculations assume 
that the radioisotopes are released instantaneously from the 
core following an accident. This conservative model will &ive 
an estimate of the radioactivity release rates which will 
never be exceeded by the actual release rates. 


However, this picture of the release rate of the fission 
product is far from the real situation and over conservative. 
A more realistic model presented in section 2 has been used 
to calculate the fission products activity release rate of the 
two important isotopes I1~135 and Xe-135 to the environment. | 
from the different barriers of a pressureized water reactor 
following a loss of coolant accident. These two isotopes are 
present in large quantities and are highly volatile. In addi- 
tion, iodine is biologically potent because it concentrates 
in the thyroid. The activity equation necessary to calculate 
the quantity of & given fission product isotope is presented 
in section 3. 


The results of the calculations performed are presented 
in secvion 4. 


Conclusions drawn from the analysis of the results are 
given in section 5. 


2. DEVELOPMENT OF THE EXPONENTIAL MODEL: 


Let us assume that an accident takes place at time t=O 
and that a time t=to has elapsed from the start of the acci- 
dent to initial fuel element failure. The primary system 
may be represented by the schematic diagram shown in Fig.A. 
Assuming that the reactor is scrammed upon the onset of the 
accident conditions, the build-up of any given isotope i for 
example will be only due to the decay of the precursors and 
not by dirett fission. If isotope i has a precursor p, then 
the decay equation is 


aN. (+) 
<— = AMC) _ A, Nit), (2.1) 
where 


Ny(t) and N.(t) are the total quantity of isotope i 
and its precursor p*respectively at time t, 


Ai ana rp are the decay, constant of the isotope i and 
its precursor p*respectively. 


Ay C1-F, (6) 0, (+) 


A _(1-F)N, (+) RLC (£-F, (t))N, (+) 
$$ > 


Fig. A. Primary System. 


Tver 


Not all radioactivity released from the reactor core dur- 
ing hypothetical accident conditions would be. available for 
lezkage to the atmosphere. Activity released in particulate 
form can be at least partially trapped in appropriate filt- 
ers. Other volatalized components, such as iodine, can be 
partially removed by adsorption on charcaal or other high- 
active surface materials. Water soluble elements as well as 
particulates can be "Knocked down" by water sprays. Only the 
inert noble gases would be unaffected by such systems and 
would be fully available for release to the atmosphere. 


Let us assume that at time t the fractional release of 
isotope i from the primary barrier (ceramic uranium dioxide 
and Zircaloy fuel rod cladding) is f where f has values from 
o to 1. The value f=1 corresponds to instantaneous release 
of isotope i. The fraction of the total quantity of isotope i 
that has escaped from the core as gas may be notated as F. (t) 
and the corresponding fraction of the precursor is F (t).+ 
Thus, the quantity of isotope i held up in the prinkry at 
time t is ( 1-F, (¢))N, (t) and the quantity of isotope i 
leaked from the “primary at time t is; 


RLC x( f - Fy(t)) Ny (t) 
where RLC is the release constant per unit time. 


By setting up the material balance using Fig.A, we get 


ap (C1 - F(t) ) n,(t)] 


=A, ( 1- F(t) M(t) -ay (148, (t)) H(t) 


- RIC ( £f - F,(t)) N, (+), (2:9) 


The rate of change of the fraction F.(t) can be obtained by 
differentiating the left hand side of equation (2.2) ana 
using Eq.(2.1) and rearranging the results; that is 


aF, (+) P(t) 
weet Ap f 1 - Frey? (H(t) At, (t)) F, (t) 


RLC.( fee), (2.3) 


If we assume that the precursors move in the primary system 
in the same manner as isotope i, 


Ti (t) = F(t) 


and Eq. (2.3) reduces to 


aF. 
qth) = me ( £- F(t) ) (2.4) 


Integrating Eq.(2.4) and using the initial conditior, 
Ne oe OG he Oe 
We get 


Py Ss Pe ee. 


t > ty (2.6. 


The solution given by Eq. (2.6) and the initial condition 
given by Eq.(2.5) is called the "exponential release model". 


A more conservative model called the "step model" may be 
obtained from Eq. ( 2-4) by setting f = Fi(t), that is by 
assuming instantaneous release of isotope i from the core. 
The solution of Eq. (2.4) in this case using the initial 
condition of Eq. (2.5) is 


PF, (t) 
B, (t) 


0, O<t St, 


Li 9 t 7%, 9 (2.7) 


Since the amount of radioisotope i that leaks to the cont- 
rainment is determined, the primary cnntainment system may 
be represented by the schematic diagram shown in Fig. B. 
Where the parameters are defined as follows: 


RLC1 Q(t) 


————— amen 





: ‘Saar containment. 
Fig.B. Primary containment 
model. A; Q, (t) 


Q, (+) = The amount of isotope i held up in the primary cont- 
ainment at time t. 


I 


Q, (t) The quantity of precursor p held up in the contain- 


ment at time t. 


and 
RLC1 = The primary containment leakage constant per unit time. 


The balance equation in this case is 


dQ, (t) | 
se SO= LC [f - Fj (t)} wi(t) + Ap Vp (+) 
- Az Q,(t) - RIC1 Q,(+), | (2.8) 


Q, (t) 
The rate of change of q,(t) = ge! can be obtained 


from Eq. (2.8) in a fashion similar té that used to derive 
Eq. (2.3) using Eq. (2.1); that is 


dq, (t) qa-(t) _ N(t) | 
—— + Ap Lt - ay ay q,(t)+RLC1 qd. G9) 
= me - f- F,(t)) (259) 
where (t) = 
dy “WUE 


If we assume that the precursor isotopes move through 
the containment in the same manner as the isotope i, then 


q, = 4 and Eq. (2.9) reduces to 
@a4(*) . pict q(t) =RuC ( £ - Fi(+)) (2.10) 
at 


Substituting the results obtained in Eqs. (2.5) through 
(2.7) in the right hand side of Eq. (2.10) and integrating 
we get 


Q(t) =f N,(t) 7 
where 


RLC 
€ = BT? Q= RLC1 (t - t,) 


[e ~ Sis ef 84, (2919) 





€ 


Equation (2.11) represents the exponential model solut-— 
ion, and from this equation one can get the step model solu- 
tion 


Q(t) = £ NA (t) em 8, (2.12) 


in the limit of €->« oor RIC >a which corresponds to 
instantaneous release from the primary systen. 


The quantity of isotope i released from a double a con— 
tainment arrangement can be evaluated as above. In this case 


the three barriers model is shown in Fig.C, and the parame- 
ters are defined as follows: 





Aj Q(t) 


system containment 
secondary 
containment 


Fig. C. Double Containment Model. 


V2 


Q(t) = The quantity of isotope i held up in the secondary 
containment at time t. 


3 (t+) = The quantity of precursor p held up in the second- 
PB ary containment at time t. 


iH 


RLC2 = The leakage constant of the secondary containment 
per unit time. 
(t) S(t) 


Q 
qo(t) = te ’ s(t) = ote 


and the rest of the parameters are defined as before. 


Assuming that dg(t) = s_(t), the rate of change of the 
fraction ae (t) can Be obtaified by the same method used 
above for “the first containment structure; thus, 


dds (4) 
—e— + RLC2 q,(t) = RLCt q,(t), (2.13) 


This equation can be integrated after using the proper 
value of RLC1 q,(t) from Eq. (2.11) or (2.12) to obtain the 
quantity of isotope i released from the second containment 
corresponding to the model of release of interest. It may 
be convenient to express the results in terms of a dimens-~ 
ionless quantity L(6) defined as 

RLC2 Qo (t) 


where the quantity f RLC1 Ni (t) is the instantaneous 
release of the isotope i from the primary containment. Thus, 
a) exponential model: 





4 € = a 
10) = oa [ase 8 Se eS 
- € 
+ €& —< 2: + ye 7 (295) 


where K = RLC2/RLC1 

b) Step model: 
L(@) = B—- Le ~ %-e 7 *9], (2.16) 
In the limit Ka Eqs. (2.15) and (2.16) reduce to 


Eqs. (2.11) and (2.12) respectively. Similarly Iq. (2.15) 
reduces to Eq. (2.16) in the limit €-0c 


33 DERIVATION OF TI ACTIVITY EQUATION: 

To calculate the quantity of a given FP isotope formed 
during fission, it is necessary to obtain information about the 
following parameters: 

a) irradiation time, 


b) neutron flux of the reactor, 


c) relative fission yield of each isotope along the decay 
chain and any branching ratio involved, 


a) the decay constants of the isotopes, 
e) neutron capture cross-sections of the nuclides, 
let us consider the simple chain shown below: 


1 acres taal > 2 So > 3 oe > ee a fel 


If the effect of irradiation on FP'S is negligible or wit! 
a clean reactor core, the rate of change of the first three 
isotopes is given by 


aN 


a _ y, - ny N, ee eee ees (ori 
dN. 
at = J9 F + Xv, N, = Ap No er re ee, 
aN, 
at = y3F + Ap No -A N, Seinen Seg) 
where WN & N, are the numbers of atoms of isotopes 1,2 


gw 
and 3 redpectivel at time t. 
¥, 1 Vo & y3 are the yields of isotope 1, 2 and 3. 


Fr is the fission rate 
A4s A» and a3 are the decay constants of isotopes 1,2 
&3. 


It is assumed that isotope 1 is produced instantaneously 
and that there is no burnup by neutron capture. 


The activity of the isotopes 1, 2, & 3 can be obtained from 
the above equation by solving for the initial condition 


N, Bi Ny z= RN, = 0 at t. =. 0 


Thus, 
een ye eer TS ew 


-~rAt 
e ‘1 e- 
zs A> y,F oe + ea | (3.5) 
Ry = A.M, = ( se ee )F (1 - aac ae 
7 ge =e A3% 
TC eB EAS tS 
- A,t 
-%2 > sHP CGT 
] 3 1 Ago vy uN a Ra 

0D 


where Ri,k & R, are the activity of disintegration rate of 
isotops 1,2 & 3 , 


For the Xe-135 isotope which has large neutron capture 
‘cross-section,we have used the following equation. 


SF Ca ae y 2 P(r, t) + Azi (r,t) 7. X(r,t) - 


x 
-O, r,t) x (r,t) 


whvdse solution (9) is given by 


x 
¥- ) - 6 t 
X(t) = Buiiealh ae a - (1-e ( Ax oe ) 
(A+ 05 %) 
Vi 2 ¢ 3 eae 
gag [om CO, 19-07 


4e RESULTS AND DISCUSSIONS: 


Calculations performed are based on the following consid- 
erations: 


(a) The reactor is assumed to be operating at steady state 
for one year at a power level of 1000 MY(th). 


(bo) The initial fuel element failure occured 15 minutes after 
the accident. 


(c) The reactor is scrammed upon the onset of the accident 
condition so that the buildup of I-135 and Xe-135 will be 


only due to the decay of the precursors and rot by direct 
fission. 


(a) 25% of the Iodine and Xenon escaped from the core as a gas. 


(e) The reactor has a primary containment structure that leaks 
at arate of 0.5% and 1.0% of the contained gas per day 
and a secondary containment structure that leaks ata 
rate of 500.0%, 1000.C% and 1500.0% per day. 


(f) The primary system leaks at a rate of 600.0%, 1200.0% and 
1800.0% per day. 


Radiation release rate to the atmosphere from the primary 
containment structure of the PWR are then calculated hourly. 
These results are shown in Figures 1 to 6. 


In Figure 1, we have compared the step and exponential 
model calculation of I-135 and Xe-135 release rate to the atmo- 
sphere from a primary containment leaking at the rate of 0.5% 
per day. Two important points may be observed from this Figure. 
Firstly, at one hour after the accident, the release rate of 
I-135 predicted by step model is about six times higher than 
that predicted by the exponential model. However as the iso- 
tope I-135 is decaying, the difference between the two model 
predictions become smaller with time. At ten hours after the 
accident,the step model predicted value for the I-135 release 
rate is about 9% higher than the corresponding value calculated 
by the exponential model. Secondly, the step model value is a 
decreasing Function of time. Whereas the exponential model 
values increase with time upto about 5.5 hours and decrease 
afterwards. Similar behaviours are also observed for the Xe- 
135 release rates. 


Figure 2 shows the release rates of I-135 and Xe-135 from 
a secondary containment leaking at the rate of 500.0% per day. 
It is observed that the exponential model values are much smal- 
ler than the step model values. In Figure 3, we have compared 
the release rates of I-135 and Xe-135 from the primary contain- 
ment which is leaking at 0.5% per day and 1.0% per day. As 
expected, release rate is higher when the leakage rate of the 
primary containment is higher. Figure 4 shows the release rates 
from the primary containment for different values of the leakage 
rates from the primary system. The release rate from the prim- 
ary containment is obviously highest when the leakage. rate from 
the primary system is highest and this is what one would expect 
on physical ground. In Pigure 5 we have compared the release 
rates of I-135 and Xe-135 from a secondary containment for diff- 
erent values of the release rates from the primary system. Again, 
we observe that the release rate from the secondary containment 
increases as the primary system leakage rate increases. Figure 
6 shows the leakage rates of I-135 and Xe-135 from the secordary 
containment for different values of the leaxage rates. The 
release rate increases as the leakage rate of the containmert 
increases. 
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1<135 & Ye-135 RELEASE RATE 10 THE ATMOSPHERE(KC1/d) 


I - 135 & Ye-135 RELEASE RATE 10 THE ATHOSPHERE (KCi/a) 


S = STEP MODEL 
‘B= BXPONENTIAL MODEL 


X= AS & Ke-135 RELEASE RATE TO THE ATMOSPHERE (KCi/d) 
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5.CONCLUSIONS: 
It is found from the results that: 


1. The release rate of the radioactivity, as expected, increa- 


ses as the leakage rate of the containment structure increa 
ses. 


2. The use of a secondary containment ,which may be leaking at 
a high rate,greatly reduces the release rate of the radi- 
ations to the atmosphere. This is very much desired from 
the safety point of view of the nuclear power plants. 


3. To calculate the fission product activity release rate 
to the environment from the different barriers of a nuclear 
power plant one should prefer the exponential release 
model to the step model. 
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ABSTRACT: 


Safety of nuclear reactor structures under excessive load 
and/or heat (fire) stresses at near melt-down condition requires 
a careful study. Two mathematical models have been thoroughly 
studied to examine the endurance limit of a circular column 
structure member made out of concrete reinforced with steel bars. 
The model presented here deals with the heat (fire) transfer to 
the column at elevated temperature condition. The solution of 
the problem is based on a finite difference method for calcula- 
fe, 3 a history of cylindrical composite member 

) 9 9 ° 


INTRODUCTION; 


The energy produced by fissioning process in a nuclear 
reactor appears in several forms, each of which eventually deg- 
rades to: heat. To provide for removal of this heat, the core, 
or active portion of the nuclear reactor, usually consists of 
uranium-bearing fuel elements with passages around these elements 
for flow of coolant, The rate of coolant flow and the temvera- 
ture of the coolant must be such as to permit removal of all the 
heat generated in the elements without exceeding allowable 
material properties. 


The mechanical design of nuclear reactors, however is 
influenced by factors not encountered with other apparatus @.€. 
the need to control criticality, the effects of irradiation and 
the high power density produced in the core. Abnormal operati- 
ons of a nuclear reactor vary from delay in shutdown operation 
in case of malfunction to a case of near melt-down. 


During normal operation components of the core must be 
rigid enough so that deflections due to mechanical and/or 
thermal stresses do not introduce, unpredicted criticality 
variations. The design and control of nuclear reactor structure 
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and control system must stand the worst of conditions. Ifa 
major accident takes place at a nuclear reactor safety would be 
of a wajor concern to all. The latest accident at the Chernobyl 
(U.S.S.R) nuclear reactor flared a wave of scientific and public 
concern as to the safety of nuclear reactor structure especially 
under abnormal conditions, 


NATURE OF THE PROBLEM: 


Nuclear reactor structures under abnormal operations of 
near melt-down will be exposed to a tremendous amount of heat 
flux in addition to the stress field applied under normal opera- 
tion. Temperature encountered in such case is assumed to be 
beyond 1000 °C [1] . A mathematical model describing the beha- 
viour of circular colum structures of concrete reinforced with 
steel bars under load and heat has been thoroughly examined in 
this paper. Effects due to nuclear radiation and mechanical 
vibrations will be explored in a later future model. The main 
goal of this model is: (1) to study the structure member charac- 
teristics (temperature, deformation and strength) under excessive 
heat (fire) conditions, (2) to study the possibility of increas- 
ing the indurance time by changing the column composite structure. 


The following discussion deals with heat (fire) mathemati- 
cal model analysis. 


_ APPROACH AND METHOD OF SOLUTION: 


The cross-sectional area of the column is sub-divided into 
a number of concentric layers (M). As illustrated in Figure 1a,1b 
the outer layer of concrete, which is exposed to fire, has a 
thickness of +(Ag¢é). The thickness of the last concrete layer 
at the center is’also 4(Af£). The thickness of all other layers 
in the cross-section is af: 


It is assumed that the entire surface of the colum is 
exposed to the heat of a fire whose temperature course follows 
that of standard fire described in ASTM-E119 [5] . This temper- 
ature course can be described by the following expression: 


rd = 20 + 750 [1 - exp (-3.79553/t )] + 170.41/t' (1) 


where t is the time in hours and rd is the fire temperature in 
Sc at time t = j At. | 


A. EQUATIONS OF FIRE/CONCRETE BOUNDARY: 


The temperature rise in each layer can be derived by making 
a heat balance for it, i.e. by applying the non-linear unsteady 
state partial differential equation and its numerical solution, 
for each layer. Also, the heat transferred by radiation to the 
surface boundary layer must be taken into account. This heat 
will be transmitted from the fire to a surface layer by radiation 
through Equation (1). For the fire/concrete boundary, the heat 
transmitted by radiation to the boundary surface layer during 
the period jOtg (j+1) At for a unit height of the columns is 


as fol_ows: n 
Ip = (A Dee , €. G 4 273) -(T + 203)" | » (2) 


Yhere 


hee 7 27F (iM-1) BF and m = 2 


From Figure (1), heat is transferred from point 1 to point 
2? in the radial direction of the cross-section by conduction. 
This heat is dependent on the radial direction (r), temperature 
(T) and thermal conductivity (K) as follows: 


1. a> O2T yy, _ OT 
{4 ar (Kr Dr Deze f cas (Pc at VAD ore (3) 


From Figure (1) and using the finite difference method, the 
solution for equation (3) is: 


pit! - qd + At 
mo © at “Cpcys (ne 2 BAI, Pury v3 
cc m1 2 OTF) =m 


(Ma1) Bf ore, é. [crs + 273)*.cad_,+275)* | 
(KJ) +(K)I_, 
om) ye ey (pd etd 
=e cea) ) CMe CT eee }; (4) 


B. EQUATIONS AT INSIDE CONCRETE REGION: 

The heat transfer by conduction through a layer at point P 
can be found by applying Equation (3) and its numerical solut- 
ion to the concrete layers except for the layer at the boundary 
and the centre layer. 


The finite difference method solution for equation (3) in 
this region is (Figure 2a, 2b). 


At 
2 Pao 2 
CP, 6,)5 (mem) (OF) —EB(27r) (Mm) PIAS) 





1 m 





jogs 
KJ 4K 
{onearsy 12 (rd - rd ) 
KJ + ki 
Ai 2a 6 eS gD (5) 


= [An x 1.0 | (+) ) 


[2mr, (46)(1.0) (+3 | 


<= 
BS ce. 
1 


W 


=[emroem)( AF)? (1.0) coi >| 
v) = [27 cm +? (af)? | (6) 


By substituting Equation (6) into Equation (5) and using 
the moisture volume Via we get: 





gi oe 
pitt md + ot ____ (Meme) (my 
” m j 2 Fy W j 2 
(6 .) (M-m) (Of) ak aa se 
j J 
t oh\eiive ic me pee qa 
(pd) = TY) -(tem-g)( my (rd - 9) (7) 


C. EQUATIONS FOR THE CENTRE CONCRETE LAYER: 


Similarly ag before, by applying Equation (3) and its numeri- 
cal solution to the centre layer we get the temperature 


rit at the time (j+1) At as (Figure 3a, 3b). 
al j TER: Fu © (F< 
Ww j 
Aare pag Pi | 
(KJ) + (KS) 
M 2 
{[ ng vet] rd) yo my] (8) 
But: Vy = [Aa x 1.0 | pp 






By substituting the value of J into Equation (8), the final 
equation in terms of moisture/ volume is: 










q's td ‘ At 3 P ; 
db (Af) ww yd 
(Ley Oa ey 
; : / 
(jn ey, 


D. STABILITY CRITERION; 


In crder to ensure that any error existing in the solution 
at some time level will not be amplified in the subsequent 
calculations, a stability criterion has to be satisfied; for a 
selected value of Af, this limits the maximum time step At. 
Following the method described in reference [6], it can be 
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derived that for the fire-exposed column the criterion of stability is most 
restrictive along the boundary between fire and concrete it is given by the 


condition: 
2 
CP 26 yun CAS) 
cc min 
LS (10) 
2(K + h 45) 
max max 
where ( fc.) is the minimum value of the heat capacity of the steel, 
ane the maxi mum value of its thermal conductivity and h ae the maximum 


value of the coefficient of heat transfer to be expected during the exposure 
to fire. 


E. EFFECT OF MOISTURE: 


The effect of moisture in the concrete is taken into account by assum- 
ing that in_each layer the moisture starts to evaporate when the temperature 
reaches 100°C. In the period of evaporation, all the heat supplied to a : 
layer is used for evaporation of the moisture until the layer is dry. To 
calculate the change in the moisture content, first the initial moisture 
has to be calculated at the boundary, inside concrete region and the center 
layer. The equations are given as: 


Veet 2 one (1.0) | () (11) 
v, | ns (1.0) | (P) (12) 
YF [ na (1.0) ] (D) (13) 


Assuming AV as the change in yolume of the moisture content in fire/ 
concrete boundary layer, the moisture concentration can be calculated as: 


pi A fon g ef 


ii Am - 2) (af * 


(Kd Ng + One + * Oc 
ey + 273)" -(T2 ¢ 273)" 


3 J J 
(M = (Tey = T yy (14) 


m 
Where; eae can be obtained from: 


j+1 j 27h J 4 
V s Vel + Po. meragee, €, [er! + 273) 


m= 
uae j , | 
(KY). + (K 
j 4 m m—1 3 j 3 
- (Toy + 273) i a ) (M - sera 1 an | 


(15) 
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The moisture content for the layer at inside concrete 
region at the time t = (j+1) At is given by: 
(KI) +(K4) 
qth. ‘arr m= m 
+. . Ti 


At ( 
(POKY? [ (em) (46 5] é 


j 4 
(K | 0 + (KY) 


es 3 ye j = My ; a ( id ad . 
(Ni-m+4)(Ts_, - Th) ( )(Memeg) (Ts TE 4) 6 1) 


Where AV, can be found from: 


a. (KS) cK) ee 
vail a + ae ( me) (rem) (Ty Ta 
KJ) + (KY) 7 
-(— at M) (Mem-$) (TS = 72,,) (17) 





The volume of moisture content ( AV)» evaporated in the 
time At from the centre layer is as follows: 


The moisture content for the center layer at the time 
t = (j+l1; At is: 


° 


(KI) (KI) 
op Jt} gj , —_—__At_— | M wet ot) | 
M M p { Af )* 2 M-. 
w ow L (18) 


Where ava" can be determined from: 


; (KI) +(K9) 3 ; 
j+1_ yi , MAY M Met { oe 
Va = MPO 2 | Te Jig). 


fhe previously developed equations represent the heat trans- 
fer mathematical model. This model is the crux of the structure 
mathematical model which predicts the endurance strength of the 
composite member at elevated temperature. The structure mathe- 
matical model and results of model application will be publish- 
ed separately. 


NOMENCLATURE: 
A. Cross section area of the boundary layer 
Avs Surface area of the boundary layer located on the longi- 


tudinal surface of the colum. 
(AL) ¢/¢ the area of fire/concrete boundary layer. 


(A) mean perimeter XAf, the cross-section area of the 
mth layer. 
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OY 
an 


(A_) the area of the centre concrete layer and M is the 
total number of layers. 


c specific heat, J/Ke OC. 

h coefficient of heat transfer at fire exposed surface, 
W/ : Oc, 

m, M layer number and number of layers. 

M, number of points P in radial direction 

N, number of elements in tangential direction. 

P Point. 


(9p) p4(me1) the heat transfer from the fire to the fire/concrete 
poundary layer by radiation, yr, Equation ( 2 ) 

(a) (m1 )-om the heat transfer by conduction from layer (m1) to 
layer m, J/(m.hr), Equation ( 3 ), where m= 2 

(a), the heat used for evaporization of the moisture conte- 
nt of layer (m-1), ee . This heat of evaporization 
will continue until the layer be¢omes dry, then the 





re 





heat used to raise the layer temperature is called the 
sensible heat. | 

(ay) m1 (water density)(heat of vaporization) (Volume of the 
layer)(Change of moisture concentration with respect 


to time). 

R, inner radius of the boundary layer 

Ry Outer radius of the column=-section temperature 
T Temperature 

at the temperature at time t = (j+1) At, "¢ 
td the temperature at time t = j At, "Cc 

t time 
V - Yolume of water in an element, mn? 

Vine 1 oe of moisture content with the first layer wnere 
Vig Volume of moisture content for the concrete element. 
Vu. Volume of moisture for the centre concrete layer. 
AVy Change in the volume of the moisture content. 


Greek Letters: 





4 Coefficient of thermal expansion 
A Increment or difference 

€ Emissivity 

ee Heat of vaporization, J/Kg 


Sf density ne /m? 

Co otefan-Boltaman constant, aia’ %,.* 

<p Concentration of moisture (fraction of Volume) 
(Pcs) thermal capacity of concrete, S/t a 


7) : ° » ge Ol 
Pay Mw tnermal capacity of water, J/m°? or 


>! ; esicentration of moisture (volume freetion) 
At tine in hours 
Af the width of tre layer, m 
ap P - ; 
the thickness of fire/eoncrete ooundary Javer and tne 
ever at the centre of the cclum. 


the thickness of the levers excert tne fire/eoncrete 
boundary and the centre layers, 


SUBSCRLIPIS: 

0 at room temperature 

c of concrete 

f of tne fire 

in, M at the noints m, Soin padial direction 

max naxx mum 

min wininum 

Nyik ay the roints n, ® in taveonttial direction 

S of steel 

Jk Pertaining Lo temrzrature 

aH or water 

DUPBRSCRLIOUS s 

j at t = a a 2 
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Safety of nuclear-reactor structures under excessive load and/or heat 
(fire) stresses at near melt-down condition requires a careful study. Two 
mathematical models have been studied to examine the endurané¢e limit of 
circular column structure member made out of concrete reinforced with steel 
bars. The model presented here deals with the mechanical strength of the 
column at elevated temperatures. Results of model application will also be 
presented at the end of this paper. 


eae ee 

(ADL = the area of concrete layer 

(ALD = the area of steel layer 

f = compressive strength of concrete at temperature T (MPa) 

a = cylinder strength of concrete at temperature T (MPa) 

fe = cylinder strength of concrete at room temperature (MPa) 

; = strength of steel at temperature T (MPa) 

0 = yield strength of steel at room temperature (MPa) 

(for L = the compressive strength of the concrete layer right of x-axis 
(for )h = the compressive strength of the concrete layer left of x-axis 
KL = effective length of column (m) 

(Mor = the total moment due to the total load carried by concrete 
(Pe = the total load that the steel can carry 

X = coordinate 

y = lateral deflection of column at mid-height (m) 

Zz = coordinate 

Zo = horizontal distance of the center of the element to the vertical 


plane through the x-axis of the column section. 


f = radius of curvature 
(Fs = the total load which can be carried by concrete 
oo = free strain due to thermal expansion of the concrete 
€ = axial strain of the column 
(Si Xe = Tree strain due to thermal expansion of steel. 
AT = temperature change of the element 
= T - 20 
a = coefficient of thermal expansion of steel 
Subscripts 
oO = at room temperature 
c = of concrete 
f = of the fire 
m,M = at the points m, M in radial direction 
max = maximum 
min = minimum 
n,N = at the points n, N in tangential direction 
L = left of x-axis 
R = right of x-axis 
PF = pertaining to proportional stress-strain relation 
S = of steel 
T = pertaining to temperature, 
A - INTRODUCTION: 


Yo calculate the deformation and stresses in the composite column, the 
cross sectional area of the column is subdivided into a number of annular 
elements. In Figure (1) the arrangement of the elements is shown in a quart-— 
er section of the column. The arrangement of elements in the three other 
quarter sections is identical to this. In tangential direction each quarter 
layer is divided into N elements. The temperature representative of an 
element is assumed to be that at the centre of the element. This can be obta- 
ined by taking the average of the temperature at the tangential boundaries of 
each element, previously calculated with the aid of the heat transfer 
equations. 


Thus for an element Eo in the cross-section except for the reinforce- 
ment, the representative temperature is; 
dl J 
rd That ig Th 
o m, A annular =e 2 ayer? nee ae e) ier (1) 


and if the location of the reinforcement at the centre of an element re 
the representative temperature is: 


, 


m,n 


(rd) 


=r G cae ) 
m,n annular reinfor.’ layer 


(2) 


ft is assumed that the stresses and deformations at the centre of an element 
are representative of the whole element. 


B. ASSUMPTIONS: 


In the calculation of column strength the following assumptions were 
made: 


1) The influence of the presence of reinforcing steel on the temperature 
may be neglected. Thus the column, from a thermal point of view, may be 
treated as consisting entirely of concrete. The temperature of the steel 
is assumed to be equal to the temperature in the column section at tne 
location of the centre of the steel. 


2) Concrete has no tensile strength 
3) Plane sections remain plane. 


4) Initial strains in the column before the exposure to fire consists of 
free shrinkage of the concrete and creep. Because the shrinkage of the 
column during test normally is compensated by filling the spaces at both 
ends of the column between the concrete and steel with a plaster, the 
shrinkage is assumed to be negligible. 


The tests of the columns are usually started after a preloading period 
of about one hour. The shortening of the column due to creep during this 
period is assumed to be negligible. The initial creep can be eliminated by 
selecting the length of the shortened column as the reference length from 
which the axial strain of the column during the test is measured. 


Based on these assumptions, the change of column strength during expos- 
ure to fire was calculated. In the calculations the network of annular 
elements shown in Figure (1) was used. Because the strains and stresses of 
the elements are not symmetrical with respect to the x-axis, the calculations 
were performed for both the network shown and an identical network at the 
left of x-axis. The load that the column can carry and the moments in the 
section were obtained by adding the loads carried by each element and the 
moments contributed by them. 


C - CALCULATION OF STRENGTH DURING FIRE: 


The most important mechanical properties that determine the strength of 
cylindrical reinforced concrete columns are compressive strength (f_ ), modulus 
of elasticity (E_) and ultimate strain (@_) of the coricrete, and the yield 
strength (f_) and modulus of elasticity (E") of the steel. A survey of whe 
Literature {1]J shows that the variation of these properties with temperature 
is influenced by a large number of factors. The compressive strength of 
concrete at elevated temperatures is affected by the rate and duration of 
heating, the size and shape of the test specimen, and the loading during 
heating. 


During exposure to fire the strength of the column decreases with the 
duration of exposure. The strength of the column can be calculated by a 
method based on load-deflection analysis which in turn is based on a stress- 
strain analysis of cross-sections [22. In this method, the columns, which 
are fixed at the ends during the tests, are idealized as pin-ended columns of 
reduced length KL (Figure 2). The load on the test columns is intended to be 
concentric. To represent imperfections in the columns, an initial deflection 
y, > 2.5 mm (0.1 in.) is assumed. 


D - CALCULATION OF STRAINS, STRESSES, LOADS AND MOMENTS OF STEEL: 


The strain in an element of the steel due to the thermal expansion is 
given by: 
(Ens = (QT) (3) 
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For any given curvature , and thus for any given deflection at mid- 
height y, the axial strain€@ is varied until the internal moment (due to 
temperature change) at the mid-section is in equilibrium with the applied 
moment given by the product: . 


Load x (deflection + eccentricity) (4) 
Where 

@ = axial s rain, is varied until equilibrium 
and y = JFR(KL)/12 


If Z. is the horizontal distance of the steel element to the vertical 
plane through the x-axis of the column section as illustrated in Figure(1) 
and f is the radius of curvature, then the strain due ta bending of the 
column is: 





(5) 


Therefore, the total strain in an element of the steel can be given as 
the sum of equations (3),(4) and (5). For the steel at the right of the 
x-axis the strain (e). is given by: 


s 


pr 


For the steel elements at the left of the x-axis the strain (@.), is given 
by: 





(6), = -(€,). + +€ (6) 


Z 
(€2), = -(€,) 4€ 4-2 (7) 
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The stresses in the elements of the network are calculated using stress- 
strain relations given in reference [3] and [4]. These relations can be 
derived from data provided by Ingberg and Sale [5], and Witteveen, Twilt 
and Bylaard {6}. These relations include the effect of creep at elevated 
temperatures and were obtained at heating rates approximately those that 
occur ina fire in actual practice. The relations have been generalized for 
other structural steels by assuming that, for a given temperature, the 
curves are the same for all steels, but the stress below with the stress-~ 
strain relation is linear, is proportional to the yield strength of the 
steel. The equations that describe the relation between the stress in the 
steel (f) the strain (€_) and the temperature of the steel (T) are as 
follows (3, 4} : 7 


For é,S& ; f -=- £(7,0,001) €. (8) 


y i 0.001 
where ra 
& = 10- 
ig 22 ty0 
and 
f£(T,0.001) = (50-0.04T)x [1-exp(-30+0.037) 0.001) | x 6.9 
for 
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With the aid of Squations (3) - (9) the stresses at mid- 
height in the steel can be calculated for any value of the axial 
strain (€), curvature (1/p ) and temperature (T). From these 
stresses the load that the'’steel carries and the contribution of 
the steel to the moments can be derived. 


The total load that the steel carries can be calculated by 
the summation of the product of stress by the area for each 
element located in right and left side of the x-axis of the 
column cross section as the following: 


The total load a ae is: 
(P_) - [2 (0) (A) me yes J 
s°T e= YSRe ne e=] YSL e a 
| (10) 
The total moment due to the contribution of the total load 
carried by steel can be calculated by the summation of the pro- 
duct of stress by area by z coordinate of the steel for each 
element located in right and left side of the x-axis of the 
column cross section as: 
The total moment in steel is: . 
N 
(Me = afb cs ys (A) C2 eee a) 3) ] 
s'T <a Yop @ Se se Yo @ SE SE 
(11) 
LOADS AND MOMENTS IN 
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TIONS OF STRAINS, STR 


In the same way as applied for steel, the strain in concre- 
te causing stresses for elements at the right of the x-axis 
Figure 1. can be given by: 

a 
as? ut c 
(Ep = Eg), ++ (12) 
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and for elements at the left of the x-axis by: 


ne ks - ~ Z 





The stresses in the elements are calculated using the 
stress-strain relations described in Reference [3] and[4]. 
These relations were based on the work of Ritter {7 ] and 
Hognestad [8]. The relations have been slightly modified to 
take into account the creep of concrete at elevated temperatures. 
The modifications are based on results of work by Schneider and 
Haksever {9 ] and consist of a movement of the maxima in the 
stress-strain curves to higher strains with higher temperatures. 
The equations that describe these curves are_aszfollows [3 , 4]: 


€ ‘ 
for€ gE a . 1 -< max =e (14) 
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a 
or we ELSE y] os 
where 
fit, 262 < 450°c 


T-20 oO 
ele t =e PSE 
fiertt. [2.01 2659) Snap ] if T > 450°¢ 
= . 2 =-6 
Gag 0.0025 + (6.0T + 0.04T°) x 10 


With the aid of Equations (12) - (15) the stresses in each 
of the concrete elements at midsection can be calculated for 
any value of the axial strain (€) and curvature oil Gr From 
these stresses the load that the concrete carries and the cont- 
ribution of the concrete to the moments can be derived. 


In the same way as applied for steel, the total load in the 
concrete can be given: 


N N 
( er =e i (fore (Al), . Ziterelte)e | 
(16) 


In the same way as applied for steel, the total moment in 
the concrete is: 


(Min 2| FE top) (Ayo %e et BH (top) gl Me) g(-B)g (17) 
F - FIRE RESISTANCE RESULTS: 


The influence of fire on the temperature history of the 
steel and concrete is mathematically tested for cylindrical 
reinforced concrete columns, The influence of the cross-section 
area and the number of reinforcing bars were also examined. 


Figure (3) represents the temperature/time relation for the 
surface of concrete and for the reinforcing bars for cylindrical 
reinforced concrete column (12.0 in) diameter with (8) reinfor- 
cing bars, 


It is clear from Figure (3) that the heat transferred from 
the fire to the steel and concrete is in accordance with the 
classical solution of the unsteady state partial differential 
equation [10}. 


Figure (4) represents the total load/fire resistance relat- 
ionships of cylindrical reinforced concrete cclumns of 12.0 in, 
14.0 in and 16.0 in diameters with 8 reinforcing bars. From 
this Figure it is clear that fire resistance of a column will 
increase by increasing the cross-section area of the column. 


The variation of the cross-section area shown in Figure (4) 
has more influence on the fire resistance than the variation of 
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the number of reinforcing bars shown in Figure (5). However, the 
predicted fire resistance of these mathematical models do appear 
to be of the right order of magnitude based on general experience 
It is however, fully acknowledged that experimental studies are 
needed before the sensitivity of these models can be assessed, 


CONCLUSION: 


In conclusion we can my that: based on the mathematical 
model calculations of both the heat transfer and mechanical 
strength, circular composite concrete column will stand at high 
elevated temperatures. 


Increasing the diameter will also mean increasing the ailow- 
able load, increasing the time until collapse and change the 
column characteristics tremendously. 


In real life application the design of nuclear-reactor like 
structure requires the safest design under extreme heat and load- 
ing conditions. The gain in time to delay any structure failure 
is necessary to prevent major nuclear accident and/or nuclear 
leak and/or to resume normal operation after malfunction, 
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FIGURE 5. 


INFLUENCE OF LOAD ON FIRE RESISTANCE 
FOR VARIOUS NUMBER OF REINFORCEMENT 
OF CYLINDRICAL REINFORCED CONCRETE 
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Biomass Consumption Trends and 
ICAITI Promotion of Fuelwood Conservation in Central America 


W. Ludwig Ingram Jr. 


Central American Research Institute for Industry 
ICAITI 
PO Box 1552-01901 
Guatemala City, Guatemala 
Central America 


Abstract: Biomass represents 65% of all energy consumed in 
Central America. Most biomass consumption is very inefficient, 
providing opportunities for significant economizing thrcugh 
improved technologies and processes. The main biomass fuel is 
wood which serves as a cooking fuel for 70% of the population. 
The Central American Research Institute for Industry has 
investigated, developed and introduced many new technologies, 
resulting in over 200,000 cubic meters of fuelwood savings since 
1980. 


1. INTRODUCTION 


The Central American Research Institute for Industry 
(ICAITI) was established over 30 years ago by the five Central 
American Republics with support from the United Nations. ICAITI 
is an independent, non-profit organization whose activities 
have concentrated in, but are not limited to, Central America. 
The Institute’s gtoba mandate is to promote economic and 
industrial development through the appropriate utilization of 
the region’s natural resoufces. In addition to its headquarters 
in Guatemala, ICAITI presently maintains offices in Honduras, €E1 
Salvador, Nicaragua, and Costa Rica. ICAITI’sS objectives 
include: the preparation of industrial feasibility studies; 
assistance to the pfivate sector with production problems, 
investigate use of regional raw materials and by-products, 
develop new production methods, and adapt improved technologies; 
establish standards for raw materials and finished products and 
conduct quality control procedures and trials; and cooperate 
with the various offices of the governments of the isthmus, 
universities, technical organizations and other entities. 


The Institute presently maintains a staff of 175 people, 
over half of which are professionals and technicians. The 
central facilities in Guatemala City include a microbiological 
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research center; organic and inorganic chemistry laboratories; 
pulp and paper pilot plant; food technology laboratory; the 
stove and combustion technology lab; and one of the best. 
technical libraries in the region, with over 55,000 entries, 
subscriptions to 150 technical periodicals, and computer access 
to international data bases for information searches. 


In the private sector, ICAITI responds to specific requests 
for technical assistance and executes contracts for quality 
control. As aresult of its applied research, ICAITI holds 
numerous patents.. The Institute also responds to the requests 
of government agencies in the region, providing technical 
assistance and services. 


ICAITI has implemented projects under contract with 
international organizations such as AID, GTZ, OAS, IRDC and IDB. 
The variety among ICAITI- projects has been’ significant. 
Analysis of environmental and human health impacts of pesticide 
use in Guatemala; the development of a small, low-cost ceramic 
filter for purifying water in rural areas; low-cost construction 
materials using vegetable wastes; and a program to promote 
industrial energy conservation, are but a few examples. 


By the mid 1970’s, growing problems were evident in terms 
of deforestation and the increasing costs for. fuelwood on which 
the majority of the Central American population depended asa 
primary energy source. In response to these problems, ICAITI 
signed a Project Agreement with AID in 1979 to execute the 
Fue lwood and Alternative Energy Sources Project. The 
Institute’s mandate - to promote the appropriate use of natural 
resources and to develop or adapt technologies for the needs of 
the region - fit the project objectives well. 


2. BIOMASS AND FUELWOOD CONSUMPTION TRENDS 


In general, factors such as the petroleum crises of the 
past two decades, burdensome foreign debt, and economic 
contraction since 1978, have all contributed to a dualistic 
society in Central America with a heavy dependence on biomass as 
a primary energy source. The Latin American Economic Commission 
(CEPAL) has noted that 60-70% of the Central American population 
lives in poverty; this means that they are unable to adequately 
satisfy their basic needs [1]. An equal percentage of the 
population depends upon fuelwood for energy, primarily for~- 
cooking. 


Data regarding biomass and fuelwood consumption for the 
region are presented in Table 1 along with other economic 
development indicators. The wide variance between the social, 
economic, and energy situations in the different countries of 
the region is evident by comparing the statistics of the high 
and low country in each instance. 


Biomass (mostly firewood, plus some charcoal and 
agricultural wastes) remains the predominant fuel in the region, 
representing 65% of all energy consumed. Waod alone represents 
57% of total energy consumption; sugarcane bagasse is the other 
primary biomass fuel. 


TABLE 1: Economic Development and Energy Consumption Statistics 
for the Central American Isthmus j 


Total 

Isthmus High/Country Low/Country 
Population Density (persons/km2) 49 230 El Salv 23 Nicaragua 
Households w/ Electricity % (1984) 38% 85% C. Rica 25% Hondur. 
1984 Per Capita GDP (1982 $US) $1,128 $1,998 Panama $626 Hondur. 
Biomass Consumed/Capita (BEP/yr)* 2.3 2.7 Guatema 1,4 Panama 
Commercial Energy/Capita (BEP/yr)* 1.3 2.9 Panama -8 El Salvador 
% Biomass of Total Energy (1984) 65% 76% Guatema 32% Panama 
¥ Firewood of Total Energy (1984) 57% 72% Guatema 25% Panama 
Forest Cover (% 1983) 37% 54% Panama 6% El Salvador 
Annual Deforestation Rate (% 1981) 1.2% 2.4% Hondur. .2% El Salvador 
Population Growth Rate (% per yr) 3.0% 3.5% Nicarag 1.8% Panama 
Kirewood Consumption Growth Rate % 

(annual compounded rate 1978-83) 2.7% 4.8% Guatema -.1% €. Rica 
Firewood Users (% of Population) 69% 77% Guatema 40% Panama 
Firewood Consumed/User (BEP/yr) 3.0 3.5 Nicarag 2.5 Hondur. 
Firewoog Costs in Urban Centers: 

US$ per cubic meter in 1980 $10.29 $22.00 El Salv $4.40 Panama 

US$ per cubic meter in 1987 $21.10 $40.00 El Salv $7.50 Panama 


* BEP = Barrels Equivalent of Petroleum 
Source: ICAITI, Ref. [2] 
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Fuelwood costs per cubic meter in urban centers have risen 
sharply in recent years. Prices varied in 1980 from US$4.40 in 
Panama to $22.00 in El Salvador; 1987 prices have nearly doubled 
in US dollar terms, running between $7.50 and $40.00 for the 
same two countries.\ 


Most importantly, the consumption of fuelwood continues to 
grow at a rate of over 2% per year, despite increasing scarcity 
and rising prices. Nearly 70% of the total population of the 
region continues to use firewood and no major reduction in 
fuelwood consumption rates during the remainder of this century 
are foreseen. . 


At present, about 90% of all households in Costa Rica have 
access to electricity compared with only about a_ third of the 
population in El Salvador, Honduras and Guatemala. Despite this 
fact, roughly half of Costa Rica’s population continues to use 
wood for fuel. 


El Salvador is one of the most densely populated countries 
in Latin America, with an average of 230 persons per square 
kilometer, and over 70% of these people depend upon wood for 
fuel. The country was once covered with lush jungle and forest; 
now Jess than 6% of El Salvador’s national territory is 
forested. The situation in E1 Salvador is critical: annual 


\ 
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biomass consumption is greater than total existing annual 
Production including all natural regeneration. If this trend 
continues, the process of deforestation will soon’ be complete, 
aggravating existing problems of high fuel costs for the poor, 
decreased agricultural productivity due to soil erosion, flash 
Flooding and prolonged droughts, and reduction in productivity 
and useful life of hydroelectric investments. 


AS noted, the wood-consuming population in the region 
coincides with the population living in’ conditions of poverty. 
In the four northern countries of the region, over 75% of the 
© population still cooks with fuelwood. About 90% of these people 
cook on open fires which are inefficient and have negative 
impacts on health and the environment. Although the severity 
varies, the problems of deforestation and high dependence on 
increasingly scarce and costly wood for fuel, are a reality 
throughout the region. 


Studies done both in the region and on a global scale have 
noted that most wood users would prefer to cook with high 
quality, convenient fuels such as LPG but are restrained 
primarily by economic (income & cash flow) and market 
(distribution & access) factors. Any program which attempts to 
promote the transfer from wood to petroleum derived fuels 
(kerosene, propane, etc.) would face certain opposition and 
could have profound long-term repercussions on the national 
economy since these fuels. are nearly 100% imported. The 
experiences of other countries leads to the conclusion that a 
majority of the population will continue to cook with wood and 
biomass fuels as long as_ income levels remain low, despite the 
increasing difficulties of gathering fuel and even eventual 
establishment of desert conditions. 


Effective solutions for the macro Eroblems of economic 
growth and income distribution are far from realization and even 
if these problems are resolved, distribution and supply 
limitations will continue to deter the market penetraticn of 
modern, imported fuels. Therefore, more immediate solutions for 
the poor are necessary which will reduce the burdens of fuelwood 
collection and parchase, and diminish the health and 
environmental problems related with inefficient biomass 
combustion. 


3. THE FUELWOOD AND ALTERNATIVE ENERGY RESOURCES PROJECT 


The overall goal of the project was to improve the welfare 
and productivity of low income groups through the provision of 
appropriate energy technologies. Given ICAITI’s strategic 
position as a regional research and coordinating institution 
with relatively limited field Capacity, the project defined its 
role as that of a second-line institution; to take the lead in 
research and investigation and then train and coordinate with 
national organizations to test and provide the improved 
energy-efficient technologies for use in rural areas. The 
technologies were to include domestic and small industry 
apflications. The project was organized into three groups: 
solar applications, biogas and combustion. 
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3.1 Evolution of Improved Stove Activities 


Given the project’s purpose, this was perhaps’ the most 


important component. Stove activities initiated with an 
investigation of the cooking practices in the region and of the 
traditional stoves being used and built. A great deal of 


variety exists among the stoves and foods of Central America. 
In the market places of Central America, many wood stove options 
are available, but they tend to be either very expensive (such 
as the cast iron models) or very inefficient, such as those made 
from scrap metal and 55 gallon drums. 


ICAITI also researched the state of the art of improved 
cookstoves throughout the world (as of 1980). Based on both the 
regional field research and the information obtained regarding 
other designs around the world, 16 models were selected for 
detailed study. It was necessary to develop a valid and 
workable methodology to evaluate the comparative efficiency of 
the stoves since no_ standards or examples were readily 
available at this time. The methodology developed included a 
water boiling test conducted by ICAITI technicians and practical 
cooking tests where local housewives used the different models 
cooking typical foods. Based on the results of these tests, 
the five best stove models identified were the Lorena, Chula, 
Singer, Block and Adobe [3]. 


A regional field study of these five stove models was 
organized involving 450 stoves, 75 in each of the five 
participating countries. In each country, the National Planning 
Office of the host government helped ICAITI select counterparts 
which included PVO’s and public institutions. Extensionists 
from each participating institution were trained in stove 
construction and in the survey techniques to be utilized. The 
stoves were distributed to cover the diverse ethnic, social and 
geographical conditions present. The results and conclusions of 
the field tests can be summarized as follows: 


-Average stove life was estimated to be 3 years, but there 
was a wide degree of variation. 


-The stoves were accepted by the vast majority of 


housewives: 70% of the stoves were in daily use and 50% 
of the users did not encounter any problems’ with the 
stoves. 


-The determining factors for acceptance were: cooking 
convenience, improved kitchen environment/smoke removal 
and prestige (not fuel economy). 


-Fuel savings compared with the traditional fire were 
disappointing and inconsistent. Too often, the new stoves 
appeared to consume more fuel than the traditional fires. 
On average, fuel savings in the field were calculated to 
be 15% but with a large sample deviation. 


-The principal causes for the significant variation were 
improper construction and improper use. 
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As a result of the field evaluations of the five models, 
ICAITI began to investigate new designs which would be more 
repeatable, more consistent in fuel savings, and which would 
facilitate the rapid and massive diffusion of improved stoves. 
After considering various options, ICAITI developed an improved 
stove which is built using pre-fabricated ceramic pieces. This 
model offers the following advantages over the previous designs: 


+The pre-fabricated design avoids the problems) of 
ccenstruction by owners and facilitates proper 
installation. 


+It can be produced by artisans using local technology and 
materials. 


+The design was adapted to fit the needs of the majority of 
rural households in Central America. 


+The identification and preparation of special materials 
(clay/sand mix) by owners is not necessary. Average 
construction time is much less than that of the lorena. 


+The stove can be used almost immediately upon completion 
(you do not have to wait a month for it to “cure"). 


+The cost iS comparable to the other stoves (US$ 15-30, 
depending upon the materials used for the base, chimney 


and stove finish). When labor is considered, the ceramic 
stove is usually cheaper than the other stove models 
tested. 


+The benefits of prestige, smoke removal, and cooking 
convenience are maintained and improved. 


+Fuel savings are higher and much more consistent: 34% on 
average with a sample variance of 15%. Fuel savings are 
appreciable even when the stove is operated improperly. 


In 1986, the ceramic stove was introduced by ICAITI 
throughout the region by providing a few demonstration models to 
interested institutions and by training ceramists in the 
construction of the pieces (special molds and forms have been 
devised for each piece which facilitate training and quality 


control). No funds have been provided for a_ promotional 
campaign nor to .support commercialization of the product by 
artisans. Despite these limitations, results with the ceramic 


design are promising. Dissemination has been rapid: over 4,000 
of: the new ceramic stoves were put into use in the region, some 
3,500 in Guatemala alone, in less than two years. The majority 
of these have been sold through the initiative of the ceramists 
themselves, indicating that there is high potential for mass 
dissemination of the technology at a low cost. To date, about 
100 ceramists have been trained in stove manufacture’ in 
Guatemala and about half of these are selling the pre-fabricated 
stoves as a principal product. 


Fuel savings with the ceramic stove have been consistently 
high. Independent evaluations found fuel savings to be 34%. 
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The evaluations also found. that most owners were capable of 
correctly installing the stove with minimal previous 


instruction. A major benefit of the ceramic stove design is 
that it has significantly increased the income levels of the 
rural artisans who build and sell the: pieces. The 


pre-fabricated model uses 100% local materials and has also 
begun to create employment for people specializing in 
commercialization and installation. | 


Recently, ICAITI began collaborating with local institutions 
to focus on the needs of urban fuelwood users. Large numbers of 
fuelwood users are concentrated in urban and semi-urban areas 
where the effects of fuelwood demand on the environment 
(deforestation and erosion) and household economics (most wood 
is purchased) are much more critical than in rural aréas. For 
example, some 400,000 people are living in extreme poverty in 
shanty towns around Guatemala City and nearly all use wood for 
cooking. Studies in these areas encountered average incomes of 
US$37.00 per month and cases where 30% of this was being spent 
on firewood. 


3.2 Other Fuelwood Project Activities 


Since 1980, the project has developed a_ series of designs 


for rural industries which save fuelwood and/or employ 
alternative fuels such as_ biogas and solar energy. Over 100 
different applications have been tested. Of special interest 


are the industrial and institutional stoves which have had a 
high rate of acceptance and have been consistently successful in 
saving fuel. 


The industrial stoves are generally made of brick and tend 
to be used for an identical process day after day. The stoves 
are usually designed to fit the pots and the process (cooking 
demand), and customizing under these circumstances is much more 
convenient than in the domestic models where different pots and 
processes are regularly employed. In El Salvador, a model for 
tortillas has been very successful and is self-disseminating. 
That design has also. been adapted to coastal preparation of 
cassava. Simitar stoves have been built and demonstrated in 
restaurants, schools, refugee camps, hospitals, and women’s 
cooperatives making jams and fruit preserves. The stove is now 
being used in over 30 small food processing businesses in the 
region. Specialized masons are normally employed for the 
construction of the stoves. 


_ Some other designs developed by the project are: 


. A bread oven which saves 30% of the fuel used by traditional 
designs (47 units in use, mostly in El Salvador); 


. An improved kiln for bricks and roofing tiles which offers 
45% fuel savings; 


Solar salt technology which has saved thousands of acres of 
mangrove swamps (especially in Honduras and Guatemala); 
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Charcoal kilns which are both 35% more energy efficient than 
traditional methods and permit the utilization of the refuse 
materials remaining after tree harvesting for lumber (over 
30 units in use in Costa Rica); 


Crude sugar ("“panela") evaporators which use cane stalks for 
fuel (promoted in Panama where the artesan crude sugar 
industry traditionally used wood); 


Solar lumber kilns and agricultural dryers: and 


Hybrid dryers which combine solar and other energy sousces 
for consistent drying times and quality; for agricultural 
products (fruit, grain, coffee, cacao) and other uses. 


4. PROJECT RESULTS 


The Project was completed in December 1987 and the final 
evaluation found that it had met or exceeded programmed outputs 
at less than programmed cost [4]. Project impacts include 
13,000 beneficiary households, with primary beneficiaries being 
rural women; the employment of over 1,500 people, especially in 
new industries such as solar salt; and 200,000 cubic meters of 
fuelwood directly conserved as a result of the adoption of the 
technologies promoted. In addition to the fuelwood savings, 
solar applications and biogas have been utilized in small rural 
industries representing new sources of power with energy values 
equivalent to another 400,000 cubic meters of fuelwood. Of the 
more than 25 technologies and 100 applications investigated, 
the most successful were: solar salt production, lumber drying, 
charcoal and brick manufacture, bread ovens and wood burning 
stoves (both industrial and ceramic domestic). Highlights of 
the evaluation findings are summarized in Table 2. 


The project has trained or worked with over 400 different 
groups in the- region. These institutional contacts provide 
ICAITI with a valuable resource for future activities. As an 
independent, regional organization, ICAITI has been able to 
successfully coordinate similar actions with many diverse groups 
in each country, something which is often difficult to realize 
through national organizations alone. 


ICAITI has distributed over 68,000 publications related to 
the new technologies. A list of over 60 biomass technology 
publications is available from ICAITI. Although the Project has 
ended, ICAITI continues to provide services on a user-fee basis. 


5. OTHER ACTIVITIES WITH BIOMASS 


Sugar cane (bagasse) energy potential in the region was 
recently examined by’ the Institute. The bagasse is presently 
under-utilized as common processing techniques are designed to 
incinerate the residues to avoid disposal costs. The potential 
for electricity production (and sales) through cogeneration is 
significant and could provide the sugar cane growers a new area 
of diversification. 


TABLE 2: ENERGY-SAVING DESIGNS DEVELOPED BY ICAITI 
STATUS & IMPACTS 








--UNITS BUILT & IN USE-~ F-wooDd 
ICAITI w/ICAITI Total % In CONSERVED JOBS 
Component & Process Models , Support Built Use M3 CREATED 
ee we ee ee ee oe om See wwe Ee / weer = oem eames = a a eee ae we en we we ee oe awe 
Combustion 
Bread Ovens Batch Oven 26 47 74% 1,300 75 
Brick Kilns PTR adaptation 1 8 88% 100 30 
‘Ceramic Kiln jow-Cost Batch Kiln 4 8 75% NA NA 
Charcoal Kilns Modif. Beehive (Brazil) 1 35 91% 9,500 50 
Portable Metalic 2 2 50% 100 1 
Crude Sugar Prod. Bagasse Fired (Guate. ) 9 67% 600 20 
Combustion Subtotals: 47 107 80% 11,600 176 
Cook Stoves 
Semi-Industrial “Institutional” Stoves 21 43 81% 800 75 
Domestic Lorena & Similar Designs 4,200 16,550 69% 62,100 10 
Pre-fab. 3-H Ceramic 1,060 4,190 91% 10,640 150 
Cook Stove Subtotals: 5,281 20,783 74% 73,540 235 
Solar 
Lumber Kiln Solar & S/C, Various size 11 11 100% C 55 
Agric. Oryers Various 61 72 18% 500 50 
Salt Evaporation Black Plastic 12 142 96% 100 ,000 1,200 
Water Heating Primarily flat plate 4 4 75% 0 NA 
Solar Subtotals: 88 229 64% 100,500 1,305 
Biogas 
Anaerobic Digest. Low Cost Digestor 21 22 23% 75 0] 
Anaerobic Digest. Conventional Digester 48 54 50% 810 2 
Anaerobic Digest. Dry Digester 1 1 100% 5 0 
Biogas Subtotals: 70 77 42% 890 2 
Others 
Agric. Dryers Solar/Combustion 4 4 75% 100 15 
Others Various 48 42 6 
TOTALS 5,534 21,244 74% 186 ,630 1,739 


Source: Independent Evaluation, 1987; Ref. [4]. 
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The five Central American republics currently process 
nearly 19 million metric tons of wet cane per’. season. The 
total potential energy from this resource exceeds 2.8 million 
MWh per year, or nearly 30% of total electricity generated by 
the utilities of the region at present. 


ICAITI also developed and patented a unique fuel alcohol 
process for the production of ethanol from sugar cane (the 
EXFERM process). There are presently three ethanol plants in 
the region using traditional processes with a combined 
production capacity of 42@,000 liters per day. 


The utilization of the region’s most common agricultural 
wastes for energy and other by-products is a continuing research 


priority. Methane production, direct combustion, gasification 
and other uses have been investigated. Recent projects focus on 
coffee and banana plantation wastes. The application of 


anaerobic digestion technology for the treatment of industrial 
wastes is another area where ICAITI is currently active, for 
example, assisting distilleries in the region with the 
processing of spent slops and the production of methane. 


Given its mandate and historical role in the region, ICAITI 


will continue to work to support the best utilization of the 
region’s biomass and energy resources. 
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Abstract: The Central American Research Institute for Industry | 
(ICAITI) conducted a regional program to promote energy 
conservation in the industrial sector from 1983 to 1988. The 
main components of the program were energy audits, technical 
publications and the training of engineers and plant 
technicians. Through widespread promotional activities, the 
program succeeded in achieving its objectives. To date, the 
region’s industrial sector is accruing benefits at an estimated 
rate of US$ 5.5 million per year due to the energy-saving 
measures implemented by industries as a result of ICAITI 
activities. Total accumulated savings for the region presently 
Surpass US$ 16 million and continue to grow. This more than 
justifies total program related investments of less than eight 
million dollars. 


1. INTRODUCTION 


The Central American Research Institute for Industry 
(ICAITI) was established over 30 years ago by the five Central 
American Republics with support from the United Nations. ICAITI 
1s an independent, non-profit organization whose activities are 
concentrated in Central America. The Institute’s  g’obal 
mandate is to promote economic and industrial development 
through the appropriate utilization of the region’s natural 
resources. In addition to its headquarters in Guatemala, 
ICAITI presently maintains offices in Honduras, E1 Salvador, 
Nicaragua, and Costa Rica. ICAITI’s objectives include: 


-Assist the private sector with production problems, 
investigate use of regional raw materials and by-products, 
develop new production methods, and adapt improved 
technotogies. Food products, leather, wood, anc 
agricultural wastes have been areas of extensive research. 
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-~Establish standards for raw materials and finished products 
and conduct quality control procedures and trials. 


-Prepare industrial feasibility studies. Examples range in 
scope and complexity from an international gasahol industry 
to small, individual, artisan businesses such as rural 
bakeries. 


-Cooperate with the various offices of the governments of 
the isthmus, universities, technical organizations and 
other entities. 


The Institute presently maintains a staff of 175 people, 
approximately half of which are professionals and technicians. 
The central facilities in Guatemala City include a 
microbiological research center; organic and inorganic chemistry 
laboratories; pulp and paper pilot plant; food technology 
laboratory; the stove and combustion technology lab; and one of 
the best technical libraries in the region, with over 55,000 
entries, subscriptions to 150 technical periodicals, and 
computer access to international data bases for information 
searches. 


In the private sector, ICAITI responds to specific requests 
for technical assistance and executes contracts for quality 
control. As aresult of its applied research, ICAITI holds 
numerous patents. The Institute also responds to the requests 
of government agencies in the region, providing technical 
assistance and services. 


ICAITI- has implemented projects under contract with 
international organizations such as AID, GTZ, OAS, IDRC and IDB. 
The variety among ICAITI projects has been significant. 
Analysis of environmental and human health impacts’ of pesticide 
use in Guatemala; the development of a small, low-cost ceramic 
filter for purifying water in rural areas; low-cost construction 
materials using vegetable wastes; and a program to promote 
appropriate technology in rural areas; are but a few examples. 


The 011 crisis of the 1970’s was exacerbated by growing 
political turmoil and economic recession throughout Central 
America in the 1980’s. The importation of petroleum represented 
and still represents a significant portion of the region’s 
foreign debt. Likewise, the industrial sector was generally an 
important and inefficient consumer of petroleum derived fuels, 
relying upon equipment and technology dating from the 1950’s. 
In response to these problems, ICAITI established the Regional 
Program for Industrial Energy Efficiency, known as “PEEIR” for 
its Spanish acronym. 


2. PETROLEUM IN THE CENTRAL AMERICAN ECONOMY 


From the mid 1960’s through the late 1970’s, the Central 
American economies grew robustly, being fueled by industrial 
development, a dynamic regional common market, foreign 
investments and favorable credit. During this period, energy 
consumption, and petroleum imports in particular, grew rapidly. 
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Since the oil crisis at the turn of the decade, the quantities 
of petroleum imports have dropped while costs for imports have 
skyrocketed. 


After. the 1979/1980 oil crisis, the economy of Central. 
America entered its worse era since the depression of the. 
1930’s. The overall balance of payments deficit had jumped from. 
$320 million in 1979 to $1,130 million in 1980. The single most™ 
important factor behind the economic crisis was considered to be 
the cost of petroleum imports which mushroomed from $101 
million in 1973 (representing 6% of total exports) to $1,077 
million in 1981 (22% of export earnings). The consequences of 
this economic turmoil included political unrest, massive capital 
flight, the disappearance of private investment, acceJerated 
increases in foreign debt and government budget deficits, and 
the collapse of the Central American Common Market. Under 
these circumstances, the reduction of the foreign exchange 
deficit became a top priority. Since 97% of the 011 consumed in 
the isthmus was being imported, a reduction in 011 imports 
became a key regional objective. 


The governments of the region responded by initiating an 
intensive program of large hydroelectric power developments in 
order to reduce petroleum requirements for electrical 
generation. The next easiest sector for reducing petroleum 
consumption was industry. Although transportation has been the 
most important oi] consumer representing about half of all 
imports, no easy and rapid solutions were evident for 
substituting for oi] and diesel in this sector. The industrial 
sector, however, offered significant potential for cost- 
effective reductions through improved efficiency. 


Table 1 presents the distribution of petroleum use by 
sector for 1978 and 1985. 
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TABLE 1: PETROLEUM USE BY SECTORS 1978 & 1985 


Sector 1978 1985 
Utilities 22% 11% 
Transport 43% 58% 
Industry 24% 18% 
Residential, Commercial and 

Public 9% 10% 
Other 2% 3% 

| 400% 100% 
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By 1978, industry in Central America had become a major 
consumer of petroleum, both directly (24%) and indirectly (an 
additional 9% for a total of 33% of all petroleum imports) due 
to its share of thermal-electric consumption. The price changes 
and programs carried out in Central America over the past 
decade to promote conservation and substitution have resulted 
in a redistribution of petroleum consumption by sector, with 
the shares for thermal electric production and industry falling 
relative to the transport and residential sectors. 


Given the important role of «industry in the economic 
development of Central America, the PEEIR energy conservation 
program was initiated. 


3. DESCRIPTION OF THE PEEIR CONSERVATION PROGRAM 


The PEEIR was formally established in July, 1982 and 
received financing from the U.S. Agency for International 
Development until 1988. The overall objective of the project 
was to reduce the economic deficit of the region by increasing 
the efficiency of the region’s industrial sector, thereby 
reducing the consumption of imported petroleum per unit of 
production. 


The principal activities were aimed at improving energy 
efficiency in medium sized industries throughout the region. To 
this end the project introduced: a) energy audits; b) plant 
level energy conservation programs; c) direct promotion and 
demonstration of more energy efficient processes and equipment; 
d) courses to train plant technicians and engineers’ in topics 
ranging from more energy-minded operation and maintenance 
procedures to more extensive training as energy auditors; and e) 
technical publications and newsletters promoting energy 
efficiency in some of the most common areas for improvements 
(boilers and steam systems, for example). 


The programmed outputs for the Project are compared with 
those actually executed in Table 2. In most instances the 
programmed outputs were achieved or exceeded. 
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TABLE 2: ICAITI PEEIR OUTPUTS 1983-88 


Activity - Total Planned Total Achieved 
Seminars and courses 50 69 
Energy audits 

Level I 150 132 

Level II 100 114 
Auditors trained 200 240 
Promotional conferences 20 30 
Promotional visits 400 499 
Publications 87 90 
Audit follow-ups 250 250 
Equipment, Demonstrations 80 76 
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The Project progressively developed a cadre of highly- 
qualified energy auditors and trainers. ICAITI established a 
mailing list of over 4,000 representatives of the private and 
public sectors who had contact in one form or -another with the 
PEEIR. The Project worked closely with the private sector and 
maintained a formal relationship with the Chamber of Industry in 
each country. . 


3.1 Seminars and Courses 


A series of specialized seminars and courses were adapted 
to the needs of Central American industries. ICAITI personnel 
prepared technical materials, manuals, visual aids and made 
initial presentations to ICAITI staff as a part of the 
preparation process. Then most seminars were presented in each 
of the participating countries. Due to demand, some seminars 
and courses were presented more than once. Seminar participants 
typically paid $40-75 to help offset ICAITI expenses. Table 3 
provides a list of the seminars and the number of presentations 
made for each type of course. 


TABLE 3: ENERGY CONSERVATION SEMINARS AND COURSES 


Seminar No. of Rresentations 
Boiler Efficiency 19 
Conservation of Electricity 10 


Energy Management 6 
Measurement Equipment and Techniques 6 
Steam System Efficiency 6 
Energy Savings in Buildings 6 
Combined Seminar (touching on all of above) 1 
Energy Savings in Cement Industries 1 
Cogeneration 1 
Course for Energy Auditors 11 
Course for Plant Technicians 2 


3.2 Energy Audits 


ICAITI executed two types of energy audits. A "Level I” 
audit was a simple walk-through audit which identified the most 
visible and easily implemented opportunities for energy 
conservation. This type of audit was initially used to help 
train personnel, to introduce the idea of energy audits to 
industry, and to promote the sale of a more’ in-depth, Level II 
audit to clients. Level I audits were conducted without charge 
up until the final year of the project. During the life of the 
Project, 132 Level I audits were conducted, nearly all of them 
in the first two years of activities (1984-85). On average, 
this type of audit identified cost-effective opportunities for 
saving 5% of the total energy consumption of a given industry 
(with a mean pay back period on investment of six months) 


Level II audits were much more comprehensive and 
time-consuming than Level I. A detailed report was produced as 
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a result of these audits describing each type of energy saving 
investment identified, the investment costs compared to the 
expected Savings, and ICAITI recommendations for the most 
cost-effective opportunities (usually those with the shortest 
pay-back periods). In the initial years of the Project, ICAITI 
charged 0.5% of the energy bill of the factory audited, with a 
minimum charge of US$500 and a maximum of $2,500. This did not 
recover the total direct costs of the audit in most cases, 
however, and in the final year of the project ICASsTI tried to 
begin charging the full direct costs estimated to be necessary 
to carry out the audit. Even after this method was initiated, 
in practice, only about 60% of the total costs were recovered. 


ICAITI trained 210 plant engineers to Carry out Level II 
audits in their own factories. ICAITI also directly carried out 
114 Level II audits, recommending effective options for reducing 
total energy costs by about 10% per industry (double the average 
Savings identified in Level I audits). Information regarding 
the opportunities for energy conservation identified are 
summarized in Table 4 below. 


TABLE 4: POTENTIAL ENERGY SAVINGS IDENTIFIED IN AUDITS 


Level I Level II Total 
Industries Audited by ICAITI 132 114 246 
Annual Energy Costs of 
Industries Audited (US$ x 1000) 31,154 37,804 68,958 
Potential Savings from Opportunities 
Recommended (US$ x 1000) 1,645 3,561 5,206 
% Savings (savings/costs) 5% 9% 8% 
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The most common types of energy saving opportunities 
identified were related with plant operation and maintenance. 
This is because these were the easiest and cheapest to implement 
resulting in rapid pay-back of the investment. Improved 
lighting systems, improved insulation, improved combustion 
efficiency and minor corrections or improvements to steam 
systems were the most frequent recommendations made to 
industries. 


3.3 Publications 


The project prepared a wide variety of publications to help 
improve energy efficiency in the industrial sector. Perhaps the 


most popular was the "“Energygram", a monthly newsletter with 
basic energy conservation tips and short case studies of 
successful energy-saving applications. Over 3,000 businesses 


and groups received the Energygrams; 46 different issues were 
published. 
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The Project also published 16 promotional and informational 
bulletins, 9 different pamphlets, numerous posters, technical 
Video-tapes, case studies, and internal progress reports. 


4. PROJECT IMPACTS 


A final, independent evaluation of the Project concluded 
that it had met or exceeded its objectives at less than 
programmed costs. The most important impacts are the 
improvements in energy efficiency actually realized as a result 
of the Project. In order to measure the real impacts more 
objectively, the Project contracted an outside firm to survey 
industries in each of the participating Central American 
countries to see what the results of the audits, training and 
publications were in terms of dollars saved through improved 
efficiency. 


The surveys were conducted in 1986 and 1987 by making 
Visits and interviewing officials at 137 firms. The surveys 
confirmed that ICAITI had clearly succeeded in raising the level 
of consciousness about energy efficiency in the region’s 
industrial sector and in attaining significant economic savings 
due to increased levels of production efficiency. 


Concerning energy audits, although there was a_ great deal 
of variation in terms of how many of ICAITI’s recommendations a 
given factory had implemented (ranging from zero to 100%), the 
survey was able to determine that after one year, the average 
firm had implemented recommendations representing about 30% of 
the potential savings identified by ICAITI, and after two years 
the real savings represented 60-70% of the total potential 
recommended by ICAITI. The survey also established the average 
level of savings in US dollar terms which had resulted in the 
participating industries as a result of the implementation of 
audit recommendations. The survey results were applied to the 
total universe of industries to determine the total level of 
impact on a year by year basis. 


The survey also isolated the degree of savings resulting 
from the participation in courses and seminars, and from the 
‘application of information obtained through ICAITI publications. 
As with audits, the data were then applied to the total universe 
of beneficiaries to estimate the overall impacts of these 
activities. The project impacts in all three areas are 
presented in Table 5. These impacts have been significant. 


Over $16 million in savings have accrued as a_ result of 
PEEIR activities from 1984-1988. This figure should be compared 
with the costs to industry, whose investments in energy 
conservation totaled roughly $ 3.5 million. The net profit 
for participating industries totals 12.5 million dollars due to 
savings on energy bills alone. And the savings will continue to 
accumulate in the future at an annual rate of US$ 5.5 million 


- per year. 
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While energy audits represent the majority of the savings 
(60%), they also represented the greatest cost to both the 
Institute and the industries. ICAITI estimates that the 
training and publications (which complemented each -other) were 
more cost-effective in terms of impact per Project dollar 
invested. These two activities also demonstrated the greatest 
potential for cost recovery. 


TABLE 5: ESTIMATION OF REAL TOTAL SAVINGS 
RESULTING FROM: 1) IMPLEMENTATION OF RECOMMENDATIONS 
OF ICAITI ENERGY AUDITS; 2) PROJECT TRAINING ACTIVITIES; 
AND 3) ICAITI PUBLICATIONS. 


Total Annual Savings in US$ x 1000 Resulting From: 
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Year Audits Training Publications Total 
1983 13 = = 13 
1984 264 or = 264 
1985 968 402 442 1,812 
1986 1,977 793 774 3,544 
1987 2,905 999 995 4,899 
1988 3,427 1,030 1,105 5,562 
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Total Accumulated 
Savings 1983-88: $9,554 $3,224 $3,316 $16,094 
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Total PEEIR costs, including foreign technical assistance, 
training, administration, etc., were $4.2 million. Given the 
net economic benefits noted above for participating industries 
($12.5 million) and the additional benefits related to reduced 
petroleum imports, improvements in the balance of trade and 
in foreign exchange, improved competitiveness of industries 
leading to increased exports, and other secondary benefits such 
as positive environmental impacts due to improved combustion 
efficiency and waste disposal, it must be concluded that the 
program was extremely cost-effective and profitable for the 
entire region. 


5. FINAL CONSIDERATIONS 


The Central American economy was in crisis throughout the 
period of Project execution, and energy conservation was nota 


priority of the industrial sector. The priority problems for 
industry in this decade - issues which have threatened its very 
Survival - have. been: political instability; the lack of 


capital and foreign currency necessary for purchasing raw 
materials and for other investments; national policies and 
economic difficulties affecting exports, taxes and labor; and 
market instability. Considering that the costs of energy in 
relation to total production costs for most industries in the 
region is very small (5-10%), the possibility of saving a 
portion of this through improved efficiency was not, in of 
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itself, sufficient to motivate a large demand for the Program’s 
services. Thus the PEEIR encountered initial resistance and had 
difficulties selling audits and other services at the beginning 
of the program. . 


Despite these obstacles, ICAITI very successfully promoted 
energy conservation in Central America’s industrial sector. 
This was possible because of a dedicated team and an enormous 
promotional effort. As noted above, the audits resulted in 
Significant savings for most industries, with an average of 
about $14,000 in reductions on annual energy bills per industry 
resulting from investments with pay-back periods typically less 
than one year. After a few industries participated in the 
program successfully, it became easier to interest other 
businesses based upon the results of initial activities. In 
this way, and with the support of the Chamber of Industry in 
each country, more and more industries began soliciting services 
and demand for the program grew exponentially. 


Another factor which facilitated the Program’s success was 
the external financing received. Without this support, it would 
have been impossible to get the program off the ground and to 
reach the large number of industries which actually benefited 
from the project. Since external project support is no longer 
available, ICAITI has begun to promote the sale of audits and 
other services at a price which will cover the Institute’s 
costs, but it is still too early to draw conclusions about what 
the result of this strategy will be. One obstacle to the new 
policy is that the former pricing levels were widely publicized 
and the industrial sector is reluctant to pay the true costs 
for services knowing that the services had been available at a 
much lower, subsidized, rate for a number of years. 


ICAITI believes that financing has not been the most 
important factor deterring the implementation of past audit 
recommendations. Most industries audited can secure credit for 
the levels of investment required to implement ICAITI’s 
recommendations (which were purposely limited to low-cost, 
quick pay-back opportunities). However, it is clear that a 
special, Jess bureaucratic line of credit in foreign currency 
(e.g. US$) for energy conservation could greatly increase the 
implementation of recommendations and help promote the sale of 
new audits, especially with smaller firms and industries. It 
would also make it possible to recommend more substantive 
changes aimed at major improvements in efficiency through 
process modifications and upgrading of technology. Therefore, 
ICAITI is presently working with a regional lending institution 
to try to arrange this sort of a financing mechanism. 


It should also be noted that, although the Program was 
designed to attend a specific group of medium-sized industries, 
it has recently begun to respond to requests from other sectors 
such aS large, specialized, energy-intensive industries in the 
region (sugar, cement, distilleries), the commercial sector 
(hotels and supermarkets), and even government buildings. 
Immense potential still exists for energy conservation through 
improved efficiency, and as the region’s economies rebound, 
there will be a_ shortage of energy supply. 
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Many governments are already faced with electrical 
generation deficits during the dry season with increased 
problems foreseen in coming years. Improved end-use 
efficiency and industrial cogeneration represent worthy 
alternatives to investments in new generating capacity; global 
experience shows that these energy saving alternatives can be 
much more cost-effective and beneficial to the national 
economies than the traditional approach of expanding supply. 
The governments” and private sector in Central America are 
showing increased interest in these energy efficient options. 
There remains much to be done. 


In conclusion, ICAITI has established procedures) and 
trained personnel to effectively carry out an industrial energy . 
conservation program. The efforts to date have been most 
successful. The economic benefits to industry thus far have 
been over two times greater than all Program-related costs 
(including outside financing, ICAITI costs and investment costs 
incurred by the industries). More important, these benefits 
continue to grow at arate of over $5 million. per year. 
Although other priorities may presently outweigh energy 
conservation in much of the region’s’ industrial sector, this 
will charge as fuel prices increase in the future and when the 
region begins a sustained economic recovery. Then ICAITI and 
the technicians it has trained will be in an excellent position 
to provide pertinent technical services in Support of energy 
conservation and in response to the demand of the industries of 
the region. 
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ABSTRACT : 


This article deals with the Tunisian experience in the 
field of reweble energy,particularly the one of "Entreprise 
Tanisienne d'Activités Pétroliéres" about geothermy and the 
biomass. 

Concerning the last subject, we will go through details in 
the process of energetic valorization about animal waste by 
the biochemistry way and its application on the rural scale, 


Then, we will present the results of biogas production by 
fermentation from the poultry waste ,. Those results will show 
the importance and originality of starting methodology con- 
cerning that fermentation. They will show as well that the 
poultry waste product 60 % of methane and 0,4 m> of biogas 
per kg of dry organic content. 
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1. 


INTRODUCTION 





Tunisia must develop a self sufficient and reliable 
source of energy not to be depending from the economical 
world context. As for its cost is concerned the energetical 
problems with which our country will be soon confronted, 
revealed the importance for Tunisia to dispose about such 
Sources of energy, Geothermy and biomass are not only par- 
ticularlyoffering these advantages, but are also offering 
the possibility for the users of perfected proceedings with 
competitive cost prices in certain cases, 


The development of these two forms of renewable 
energy is supposing that the ressources are well lmown, 
For this purpose processing researches related to the poten= 
tial have carried out in order to decide about the opportu= 
nity of using these forms of energye 


As for geothermy is concerned, the geological and 
hydro-geological processing researches have demonstrated 
that the geothermal ressources in Tunisia are essentially 
ressources with low enthalpy owing to fact that the under= 
ground temperatures are not exceeding 80 = 100°C up to 2000m 
depth. The researches which have been carried out up to now 
in different regions of the country didn't displayed very 
Significative features attesting the presence of vapours on 
the surface level, but revealed on the other hand the exis= 
tence of warm water at several places, This water corres= 
Ponds to the diverse thermal sources (about thirty) which 
have been recently carried out in the south of the country 
for agricultural and industrial needs with a warm water pro-—— 
duction up to 70°C at 2000m depth and to the source wells 
susceptible to be employed as geothermal wells in case of 
available recovery, A good deal of these ressources which 
are already known may correspond in certain cases to 
consumering energy centers relating to different sectors 
(agricultural, industrial, residential and tertiary), 
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In matter of utilisation and according to the tempe- 
rature of the ressource, the utilisation possibilities have 
been subdivided into two parts : application possibilities 
for ressources with low temperatures : 25 to 40°C (heating 
of greenhouses, heating in the open fiels, pisciculture) 
and application possibilities for ressources with low or 
middle temperature : 40 to 100°C (heating of building, 
drying of agricultural products, industrial applications 
and desalinization),. 

Considering the economically available ressources in Tuni- | 
Sia and the locally utilisation of these ressources, it is 
possible to confirm that the greenhouses heating and the 
pisciculture would offer the most promising results, 


As for biomass is concerned, and considering the 
type of waste products and by=produets issued from agri- 
cultural and agre-food activities, the quantity being recu- 
perable and the corresponding valorising technics, it is 
possible to estimate the energetical global potential 
susceptible to be garanted by this biomass to 220,000 
T,.0.E/year. This potential is essentially issued from 
following main waste products : effluents and waste pro- 
ducts from agro-food industries (70.000 T.0.E./year), 
animal waste products (130,000 T.0.E/year) and urbain waste 
products (17.000 1,0.F/year). These objectives can only be 
reached through an integrated approach involving prelimi- 
nary studies, research, experimentations and tests, in 
order to highlight the different obstacles that are encoun- 
tered at different stages of processing. 


We note, that the waste of animals are corresponding 
to the waste products mainly issued from the cattle and 
the poultry farming (generally intensive). The available 
quantities in terms of dry matter are coming to about 
750.000 Tons/year for cattles waste products ant to 


200,000 Tons/year for manures, ! 
| 
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Concerning this last point, many researcrss and 
development projects have been initiated in Tunisiae Among 
those projects, we can cite the ones of the North West 
Sylvo-pastoral Office and the "Entreprise Tunisienne 
d'Activités Pétroliéres" (ETAP), concerning biogaz produc= 
tion from cow waste and poultry waste respectively. 


ENERGETIC VALORIZATION OF ANIMAL WASTE BY THE BIOCHIMISTRY 
WAY 


This technology permits to obtain a methane-rich 
gas by methanic fermentation process in anaerobic environ= 
ment, It permits to reach three objectifs : 


~- To produce a methane=-rich gas (60 to 80 %) that may be 
used as a combustibles 


~ To gather, after fermentation, an odorless "compost" that 
may serve as an organic fertilizer in agriculture; 


- To clean the environment by reducing the organic waste 
volume; 


PRODUCTION OF BIOGAS FROM COW WASTE 


Work done in Sejnane by the North West Sylvo-pastoral 
Office, with collaboration of Germany Cooperation and the 
National School of Engineers of Tunis (ENIT), for the fabri- 
cation of small digestors in isolated farms (type "DOME"), 
has permits to specify the conditions and the performances 
of cow waste fermentation, 


This technology started after the massive deforesta-= 
tion of the Sejnane region hnown for having dense forests 
and a breeding tradition (cows, sheep and goats). 


3.1. Demonstration plant (fig.1) 


The cow waste is daily injected in an alimentation 
reservoir where it is diluted at 10 % of dry matter, 
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By gravitation system, this quantity is injected in 
the digestor for the fermentation, 


At the same time, an equal amont of fermented cow waste 
is evacuated from the digestor (communicating vases 
principle). During the fermentation, the biogas pro- 
duced is stored, then used in the farm, 


The development of this type of installation in the 
rural zones, does not need any specific know=—how, The 
construction is simple. However, the exploitation of 
this installation needs a continued surveillance, 
especially about the quality of the biogas produced 

and the agitation mode, In the other hand, this instal- 
lation can not work at the optimum conditions when the 
digestor temperature is not constant (~ 35°C) due to 
the variation of the outside temperature. 


Gas production rate 


Each digestor having a 16 m volume, produces 5 m>/day 
of biogas, corresponding to 1 m2 per day and per cow, 
This quantity of biogag is enough for the energetic 
needs of the farm (2 to 3 m3 /day). 


Use of the biogas produced 


The biogas produced contains 50 to 60 % of methane, It 
is used directly in the farm for cooking with a stan= 
dard cooker, and for lighting with specficly designed 
Lamps | | 


The biogas consommation is for : 

~- Cooking : 150 litergper hour S 

- Lighting : 60 to 70 liter per hour and per lamp 
(equivalent to a lamp of 60 W). 


Use of the fermented cow waste 

The effluent that is evacuated from the digestor after 
fermentation is directly used as an organic fertilizer 
in the agriculture.The quality of this product satisfys 
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the farmers needs, 


4. PRODUCTION OF BIOGAS FROM THE POULTRY WASTE 
er EU TY WAT 


In Tunisia, the potential of the manures is impor= 
tant (200,000 Tons/year). Actually these wastes are pollu- 
ting the environment, 


The energetic valorization of those wastes allows 
the poultry breeding society to have 2neneble energy source 
(biogas) and to resolve the vollution problems’, 


Laboratory=-scale tests have already been realized 
by ETAP with some universities in order +o study the tech- 
nology of production of biogas from the poultry waste, 


4.1. Laboratory tests (fig.2) 


The poultry waste is injected in the digestor ( a 5 
liters tight glass-containers full to the three= 
quarters), 

During the fermentation, the biogas produced is stored 
in the aluminum container (6) and daily analysed in 
order to determin the content of CH4, C02, 02, NH3 

and H2s, . 

pH. measures are performed by two pH-meters, The tempera 
ture of the substrate in the digestor is measured by a 
digital thermometer, 

The experimentation system is formed by ten parrallel 
digestors, 


4.2. Analysis of raw materials 


For each test, the dry matter rate and the organic 
matter rate are determined beforehand , | 

The dry matter rate is determined by a dissication oven, 
The organic matter rate, that indicatesthe pourcentage 
of materials wich will be decomposed, is obtained by 
heating a certain quantity of dry materials at 560°C 
Curing 3 hours, 
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4.3. Results 


The most difficult thing in mathanic fermentation is 
digestor start up. Laboratory work has allowed to opti- 
mise the start up technique : a large amountsof 
inoculum iskept inside the digestor, then small 
amounts of poultry waste are daily injected, The 
digestor will stabilise and the feeding-extraction 
phase will start. 


The fermentation results are encouraging as shown in 
figure 3. As a matter of fact : 


~ The pH is maintained stable during the fermentation; 

- The percentage of CH4 can reach 60 % of volume; 

~ The volume of biogas produced is about 5 l/day 
(capacity of the digestor 5 liters); 


And the specific gaz production rate attains about 
0,40 m3 per kg of organic dry matter, 


CONCLUSION 


The knowledge of the national potential concerning 
the renewable energy is a necessary condition to warrant 
the development of these energies, As for geothermy and 
biomass are concerned, the processing researches which have 
beencarried out revealed the existence of more or less 
interesting ressources and informed about the possibilities 
of employing these two forms of energy. 
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Fig.1 - The schema of digestor in Sejnane 
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Fig.2 Laboratory digestors 
1- Digestor 5- Tap in pev 
2=— Tube 6= Gag pocket 
3=— Rubber cork T- Gag counter 


4— Gas pipe 8=- Suction pump 
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ABSTRACT 


Ever increasing energy demands and limited supply of convensio- 
nal fuels have generated global efforts in development of renew- 
able sources of energy. The interest in anaerobic digestion of 
biomass stems from numerous benefits associated with this proc- 
ess. In this paper the principles of anaerobic biodegradation 
are discussed along with the current practices in anaerobic 
digester design and operation using variety of biomass inputs. 
The limitations of biogas plants as assessed from their operat-— 
ing experience in different parts of world are critically exam- 
ined. Finally, the new approaches to improve and expand the 
potential of using biomass for energy are discussed. 


1. INTRODUCTION 


In the modern age of industrialization, energy is the basis for 
development and growth of human settlements. The energy demands 
re increasing progressively as global efforts are continuing to 
improve living standards by providing numerous mechanised fasci- 
lities for humen needs. The rapid growth of population is cont- 
ributing another dimension to the problem of energy crisis. The 
conventional sources of energy like fossil fuels and hydropower 
are limited not only quantitatively but also suffer from uneven 
geographical distribution. The non-renewable conventional ener-— 
gy sources are being used at such an alarming rate that the fear 
of their exhaustion is eminent. The cost of generation of energy 
by conventional sources may render them prohibitive for the poor 
third world countries, which in fact are badly in need of energv 
for their development. The advaiced technology required for sone 
of the sources like nuclenr power is not available to most of 
the developing countries. The environmental pollution associated 
with the use of fossil and nuclear fuels for energy is creating 
another difficult problem to resolve. 


1.1 Alternative Sources of Imnergy: 


Tne search for alternative resources of 
tus through out the world as energy dema 


nergy is gaining impe- 
sa 


fay 
= oO 
1ds are progressively 
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increasing. The renewable energy resources which involve simple. 
technology and lower costs of generation form the appropriate 
choice. A spectrum of renewable sources of energy include wave 
energy, wind energy, tidal energy, geothermal energy, solar 
energy and biomass energy. Though the potential of some of the 
renewable energy resources for energy is still very marginal, 
the research and development efforts for appropriate technology 
of economical exploitation of these sources are in progress. 


1.2 Biomass Energy: 


The primary producers synthesize biomass from the carbon source 
and solar energy, which goes down the food chain through bioch- 
emical process of digestion. The food consists largely of bio- 
polymers (proteins, polysaccharides, lipids and nucleic acids) 
and assimilation breaks them into small units. The biomass may 
be degraded to COp and methane in anaerobic environment by 
bacteria. Methane gas which possesses very high fuel value is |. 
the source of biomass energy. About 90 percent of the availa- 
ble chemical energy in the organic material, is retained in the 
methane production (1). Thus,the digestion process is important 
in production of gas energy from the biomass. The biomass that 
may be utilized for gas production includes wastes from domestic 
and industrial premises, agricultural residues, animal manures 
and feces. The gas produced from the anaerobic biodegradation, 
which is 60-70 percent methane, is termed as biogas. 


1.3 Advantages of Biogas Production: 


The major advantages of the anaerobic digestion for biogas prod- 
uction are listed. below: 


a) It provides gaseous fuel for direct or subsequent use. 


b) The effluent slurry produced has value as a land or 
water based source of nutrients and fertilizers. 


ec) Itisa potential waste treatment system for human, 
agricultural and industrial wastes. 


d) It dis a relatively simple technology and one that can 
incorporate a high input of local resources. 


Lae THEORY OF ANAEROBIC PROCESS, 


The anaerobic digestion of the complex organic matter (biomass) 
to methane is a result of the combined and coordinated metabolic 
activity of the digester microbial population. In Simplest form 
it can be considered to be a three stage process. In the first 
stage, a group of anaerobic microorganisn, primarily cellulolyte 
bacteria, act upon the organic polymer. The reaction is an enc~ 
yme hydrolysis of the polyme~ to the individual monomer. The 
monomers are fermented to various intermediates, mainly acetates, 
propionate and butrate. Additional acetate is produced by a sec= 
ond group of microorganism commonly termed as acetogenic bacteria. 
The acetate production is probably accompanied by coreaction of 
the carbondioxide reduction with hydrogen gas (2). 
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The acetic acid becomes the substrate for a group of strictly 
anaerobic methanogenic bacteria. These bacteria ferment acetic 
acid to methane and carbondioxide. This methane along with the 
methane formed by bacteria that reduce COo utilizing hydrogen 
gas accounts for the methane production in this process. Busw- - 
ell & Mueller (3) developed Eqn. 1 to predict the quantity of 
methane from a knowledge of chemical composition of the organic 
waste. 


CHO, + (n -%-$) H,0 -——~» G-F+F ) CO, + 
a 
G+ 3-7) CH... (1) 


McCarty (4) showed that the theoretical methane produgtign from 
the complete stabilization from 1 Kg of BOD. was 0.348 m- at 
STP. The methane, being iinsoluble in water’is lost in gas phase 
and can be collected in gas holders. The CO, evolved partially 
escapes to gas phase, as it is relatively soLuble in water. It 
reacts with any hydroxide ions (OH)~ in the system to produce 
bi-carbonate ions. Consequently CO, evolution is function of 
several factor including pH, HCO3 concentration, temperature 
and substrate composition. Of thé three stages the rate limit- 
ing step controls. the process which depends on the type of 
substrate and the system temperature. 


2.1 System Parameters: 


fhe complex nature of substrate and digester ecosystem warrants 
their proper understanding necessary in all aspects of process 
design and operation. Many parameters such as anaerobiosis, 
temperature, pH, retention time etc. can be controlled by the 
design of the processing systen. 


A nutritionally balanced substrate, biodegradibility of substr- 
ate and absence of toxins are other factors which require speci- 
al consideration for application of this system. ‘The methogens 
appear to be more sensitive since the usual indication of impe- 
nding process failure is the accumulation of acetates in the 
system. Most research todate has therefore concentrated on the 
response of methogens to various stumli or inhibitary factors. 


2.2 Biochemistry of the Process: 


Cellulose, hemicellulose, zylane and legnin form the major part 
of the feed for the digestor and methane production. The enzyn- 
ic breakdown of the cellulose depends on change of structure of 
submicro fibrils and hydrolysis to small soluble units. The 
bacteria are mainly involved in the polymer degradation, but 
fermentation ciliate flagellate protozoa and some anaerobic fungi 
may also be involved (2). The process does not occur readily 

in the presence of oxygen, sulphur, sulphates or nitrates which 
are alternative electron receptors. The organisms are divided 
into two main temperature groups. The thermophilic group is 
active between 40°C ~- 70°C and the mesophilic group from 20°C 
te 40°C. Methanosarcina sp. may be active at both ranges. As 
for pH, the optimum is about 7.0 with the range of 5-8. 
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2.3 History of Process Development: 


The earliest microbial - technologies developed some 6000 ~ 
8000 years ago were anaerobic fermentation for production of 
ethanol, lactic and other fatty acids often used as preservation 
methods. Other processes involving anaerobic microbes were pre- 
paration of skins for tanning and retting and septic tank system 
for disposal of domestic waste. 


Anaerobic microbes were first discovered by Pasteur during a 
study of butyric fermentation. He observed their ability to 
grow in absence of air and found that oxygen in quite small am~ 
ounts was toxic to them. The first world war stimulated the 
study of anaerobic processes. Intensive physiological and bio- 
chemical studies on microbes were carried out in 1930s. 


The first anaerobic digester was built in 1895 by Donald Cameron 
in the city of Exeter, U.K. The substrate was sewage solid and 
the methane produced was used in lighting in the vicinity of the 
plant. The anaerobic digestion is considered as an effective 
method of treating sewage sludge to stabilize it and make it sui- 
table for utilization on farm land, as it kills many pathogens 
which might be present in sewage Sludge. Anaerobic digestion 
potentially has a number of different objective, they may be 
required to control pollution, reduce odour nuisance or produce 
energy. The prime consideration of one of them would influence 
the digester design Significantly. 


Because of numerous benefits associated with anaerobic processes, 
it found its applications in treatment of domestic refuse and 
industrial pollution control. The potential of anaerobic diges-~— 
tion for energy generation was recognized since a long time. 
However, the emphasis of the research programme have been to 
develop practically feasible and economically viable digester 
for methane generation. 


It is recognized that animal waste and agricultural residue are 
sustantial source of readily collectable biomass that could be 
converted into a clean useable fuel (methane ) using anaerobic 
digestion. It is estimated that the methane generation from the 
organic residue can be implemented on broad scale, resulting in 
significant amount of biogas at competitive costs. The biogas 
technology also conserves valuable plant nutrients and soil hums 
and thus improve the crop production capacity. 


3. THE DIGESTER. 


The design of the anaerobic digester and the engineering associ- 
ated with it depends on the type and volume of waste it is requ- 
red to process together with other factors such ag the geograph— 
ical, environmental and social conditions applicable to the part— 
icular situation. Consequently, the digester vary widely with 
regards to complexity and layout. No Single design can ever be 
considered ideal for universal application. On the basis of dig- 
estion principles the various digester construction may be groue. 
ped in six categories: 


{2} Batch Digester 
b Continuelly fed digester 


c Plug flow digester 
ad) High rate digester 

e Anaerobic contact process 
f) Multistage digester 


The digesters used for biogas production in rural location shou- 
1d be simple and robust. The main factors considered in their 
design concept are simple construction,ease of operation and 
reliability. Rural digesters are operated either batch wise or 
in semi-continuous way. The industrial digesters are mostly 
completely mixed type, operated in continuous or semicontinuous 
mode. The newly conceived digesters like anaerobic contact 
process and multi-stage digesters are designed on the basis of 
recent findings in the biochemistry and microbiology of methano- 
genesis. 


4. FACTORS AFFECTING THE GAS PRODUCTION. 


The biogas production in the anaerobic process depends on the 
substrate characteristics and the digester operating conditions. 
The details of these parameters are discussed in the following 
sections. 


4.1 Substrate Composition: 


Organic materials such as fats, carbohydrates and protein are 
main source of food for the bacteria involved in the digestion 
and if the amount of these constituents in the feed is known 
then an estimate of the potential gas production can be made. 
This ,ofcourse, assumes that no inhibitory substances are pre— ’ 
gent and the digestion can proceed over a long period of time. 
As these conditions are not obtainable, possible gas production 
will be some what reduced. The materials for anaerobic digest-— 
ion contain wide variety of organic compounds from animal wastes 
or vegetable matter. All the volatile material in the feed is 
not biodegradable in the period usually allowed for digestion. 
Pfeffer and Quindry (5) reported that for manure under mesophi- 
lic conditions, only between 30.1 and 48.2 percent of the vola- 
tile matter could actually be degraded. 


4.1.1 Carbon:Nitrogen ratio: 


Microbial populations involved in anaerobic digestion require 
sufficient nutrients to grow and multiply. If there is too 
little nitrogen present the bacteria will be unable to produce 
enzymes which are needed to utilize carbon. If there is too 
much nitrogen, particularly in form of ammonia, it can inhibjt 
the growth of bacteria. It is often suggested that the optimum 
. ratio of carbon:Nitrogen is between 20:1 and 30:1 although it is 
reported that for one series of experiments there was a minimum. 
C:N ratio of 16:1 and increasing the nitrogen content did not 
improve digestion (6). 


4.1.2 Inhibiting matter: 
Methanogenic bacteria appear to be very sensitive to certain 


materials and environmental conditions. Being obligate anaerobes 
a small amount of oxygen or oxidized products such as nitrate are 
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inhibitory to these bacteria. It is essential that a highly 
reduced environment be maintained to promote the growth of these 
microbes. Dirasian et al (7) found that optimum digestion occu- 
red with oxidation-reduction potential (ORP) between -520 and 
-530 mV. Some alkali and alkaline earth-metal salts above cer=- 
tain concentration exhibit toxicity. Ammonia is inhibitory when 

resent in high concentrations. At concentrations ‘between .- | 
4500 and 3000 mg/l and pH greater than 7.4, NH3 can become inhi- 
bitory. At concentrations above 3000 ng/1, the ammonium ion 
itself becomes inhibitary regardless of pH. Other common forms 
of toxicity include those of sulphide, heavy metals and toxic 
organic materials. 


4.1.3 Synergistic effect: 


It is reported that there was an improvement in gas production 
from a particular waste if it was mixed with some other waste 
(8). ns example cattle waste on its own gives a_gas yeild o 
0.38 m’/Acg VS added and pig slurry gives 0.569 m3/kg VS added. 
When mixed together in a ratio of 1:1, the gas yeild was 0.51 
m3/kg VS added, an increase of 7%. Similarly, a mixture of sew- 
age and weeds in a ratio of 1:1 gave an increase of 39% over the 
use of a single waste. 


4.2 Operating Conditions: 


The operating conditions of the digester has pronounced effect 
on the performance and gas yeilds of the plant. The effects of 
temperature, pH loading rates and retention time is discussed 
in the following sections. 


4.2.1 Temperature: 


Anaerobic digestion can be carried out satisfactorily at mesoph- 
jlic (20 °c — 40°C) and at thermophilic temperatures (40°C — 60 

C). Digestion under mesophilic conditions as a rule is conduc- 
ted at a temperature in the range 31°C - 35°C, for maximum sta- 
bilization of the wastes. However, the optimum temperature may 
pe significantly different for energy recovery from the digestion 
process. 


Pair and Moore (9) found that little could be gained by raising 
temperature of the digester above 25°C. The results of various 
investigations show that the relative gas production of 0.8 - 
0.9 at lower operating temperatures (20°C - 25°C) with consider- 
able saving in ener input to the system, specially at low 
retention times (10). 


4.2.2 pH: 


Methanogens are sensitive to the pH of the digester liquor. 
McCarty reports that methane production proceeds very well as 
long as the pH is maintained between 6.6 and 7.6 (4). The opti- 
mum pH range appears to be between 7.0 and 7.2. When pH drops 
below 6.6 significant inhibition of methanogenic bacteria occurs. 
At pH of 6.2, the acid conditions exhibit acute toxicity to these 
bacteria. It is interesting to note that fermentative bacteria 
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continue to produce acids until pH drops to 4.5. When this 
happens, the digester is said to be ‘stuck’ or 'pickled'. Cont- 
rol should be exercised when the pH appear to drop below value 
6.6 by adding alkali. 


4.2.3 Retention time: 


The optimum retention time can be considered to be minimum hydr- 
aulic period that can be tolerated before instability of the 
digester occur. For energy generation as the main objective, 
the situation is more complicated. Preliminary tests must be 
undertaken on the particular waste at various retention time to 
obtain a loading rate versus gas yield relationship . A study 
carried out in Korea (8) investigated the optimum retention 
times for optimum gas production for different temperatures with 
chicken manure and cattle manure fed to 20 laboratory digesters. 
Results of this study are summarized in Table 1. 


Table 1 —- Optimum retention time and gas production at 
different temperatures. 


SS SS SA SSS aS SUSE Ss ses hss PSINURASFSSDONESSESSERSOSED 


Feed Operating Optimum Gas Vs 
temp. , retention roduction destroyed 
("C)  time(days) (L/L-a) (%) 
ee ene eee tennessee wrpreenmmenanes 

min BB OR 
manure : 

35 20 1.45 75.0 
Cattle 15 60 0.24 40.0 
manure 25 35 0.48 60.0 

35 30 0.66 65.0 


This shows that the optimum retention time falls rapidly for 
lower temperatures and higher gas yields are observed at higher 
temperatures. 


De CURRENT BIOGAS TECHNOLOGY. 


The biogas technology is finding increasing use for energy gene- 
ration around the world. The large scale plants are based com- 
monly on the use of industrial wastes and sewage sludge. The 
medium and small sized biogas plants used on farm scale and fam- 
ily scale are more popular with the rural population. The farm 
scale plants using animal manure and agricultural residue are 
being increasingly used in less developed countries. 


The economic feasibility of biogas technology is quite complex . 
as the process may have multiple objectives, which are difficult 
to be assessed in monitary value. It is symptomatic that the 
process of anaerobic digestion is almost identified with its 
gaseous output - rather then viewed as a technology contributing 
towards a number of objectives viz. energy supply, nutrient and 
organic recycling, waste treatment and development based on local 
resources and skills. The small scale plants if assessed only 
on energy supply basis are not economically attractive. However, 
research efforts are aiming to improve the economic Viability of 
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biogas plants on all scales. 


Most of the interest in biogas technology comes from the third 
world countries of Asia and Pacific region. The work on biogas 
in Africa and Iatin America has made little real impact on its 
development. Specific mention of the developments and utiliza— 
tion of biogas technology from some of these countries would 
not be out of place. 


5.1 China: 


China has produced a record of success stories on . utilization 
of biogas technology.. About half a million family size biogas 
plants of around 10 m3 capacity and capable of producing 5 m 

gas per day are in operation in China. A standard construction 
procedure is used for biogas plants, which have no moving parts. 
The construction is done according to local conditions in bricks 
cement and stones, and the gas pressure is regulated by water 
levels. The feed is mostly composed of night soil, urine, vege- 
table matter and water. The pH is controlled to around 7.8 by 
adding lime. The detailed accownt of the chinese biogas techno- 
logy may be found some-where else (11). 


5.2 India: eo 


A number of biogas plant designs are developed in India, but 
most of the biogas plants in ane are aged on KVIC design. 
The plant size ranges from 1.5 m3 to 140 m3. The smaller dome- 
stic units are unheated and unstirred with retention period of 
around 55 days. The metal gas holder form the major portion of 
cost of biogas plant in KVIC design. Most of the plants are 
working on cow dung as the input and lack in integrated appro- 
ach to the biogas technology. The biogas has met with variable 
success in India due to various technical, organizational and 
economical reasons. (12) 


5.3 Korea: 


It is reported that about 29,000 small plants have been installed 
in Korea. However because of the low winter temperature, the 
plants were effective only for six to seven months of the year 
and the attempt of mass scale use of biogas could not gain impe- 
tus. The trials and developments are continuing to over-come the 
basic problems. (13) 


5.4 Philippines: 


The use of agricultural residues has been identified as of gigni- 
ficance in the Philippines for integrated recycling systems. One 
installation of special interest is Maya farm plant, which is the 
largest plant handling effluent from 7500 pigs (12). The gas is 
used for cooking and powering engines and the liquor is used for 
fertilizer and algal feed. The plant consists of 48 X 3 m3 batch 
digesters as against continuous digesters commonly conceived at 
this size of feed. 


5.5 New Zealand: 


A concept of ‘energy farming’ on the basis of biogas technology 
is launched in New Zealand. Special energy crops are being inv- 
estigated for their economic feasibility for biogas production. 
It is estimated that biogas may contribute a significant share 
of national energy requirements and may supplement the conven- 
sional fuels (14) 


6. TECHNICAL ASPECTS OF BIOGAS TECHNOLOGY. 


The performance of a biogas digester depend on number of inter- 
related parameters. The field experience obtained through ope-—- 
rating plants provides guidelines on optimal design and operat— 
ions of biogas plants. Some of the important technical aspects 
of biogas technology are discussed in the following sections. 


6.1 Composition of Plant Input: 


It is observed that the quantity of gas produced depends on the 
type of feed. Cow dung, which is a common feed for Indian dig- 
esters shows poor digestion in comparison with the other manures. 
Table 2 presents the biogas production for different types of 
wastes. 


Table 2 — Production rate of Biogas for different wastes. 








Type of waste pate re rate 
m-/kg of dry matter 

Chicken manure 0.35 -— 0.80 

Cow manure 0.20 — 0.30 
Pig manure 0.36 - 0.48 
Sewage sludge 0.35 —- 0.50 
Straw, grass 0.35 ~—~ 0.40 
Green vegitable waste 0.35 - 0.40 


Mixing different types of wastes to make the digester feed imp- 
roves the performance biogas plant. The wastes with higher nit- 
rogen content increase the biogas production. A C:N ratio of 
1:30 is common in Chinese practice. 


6.2 Frequency of feeding: 


Continuous feeding is not practical for farm scale digesters. 

The digester is mostly fed once daily in Chinese technology while 
- in India the practice is to feed digester 2 to 3 times a day. 

It is observed that the performance of digester would improve 
with higher frequency of feeding. 


6.3 Organic Loading: 


The organic loading rates, defined as kg of volatile solids fed 
per unit volume of digester per day, depends on the temperature 
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of the digesting liquid in the plant. Maximum organic loading 
for mesophilic range may be 2,3 kg of vs/m3-d and that for ther- 
mophilic range is 5-6 kg VS/m3—a. For Indian a the org- 
anic loading rates ranges from 1.6 - 2.0 kg VS/m--d. - Higher 
loading rates may be permitted for higher solids content in the 
feed. te 


6.4 Dilution and Retention Time: 


The dilution of the feed manure is essential for control of sol- 
4as and to make the feed workable. The retention time is dire- 
ctly related to the quality of feed. Though longer retention 
periods bring about better stabilization of organics, the gas 
yields do not show significant improvement after a certain per- 
iod. <A dilution of 1:1 is commonly practiced in India while 
Malaysian plant use 1:4 dilution. The retention time ranges 
from 30 — 50 days in most of the biogas plants. 


The digested slurry forms a good fertilizer as it contains about 
3.5% nitrogen. The digester solids contain organics as high as 
74% which may be used as a good soil conditioner. 


Te CONCLUSIONS. 


The biogas technology has passed through phases of development 
and testing, and has proved its worth for energy specially in 
rural locations and less developed countries. Perhaps, in rec- 
ognizing the crucial role of biogas technology, it remains to 
be seen whether the objectives of easing the commercial energy 
problems by using local renewable resources and provision of 
energy to the rural population can be solved simultaneously. 
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RESEARCH IN GLOBAL BIOGEOCHEMICAL CYCLES 
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ABSTRACT 

Radon-222, emanating from lands, decays to lead-210 which after a short residence in the 
atmosphere, a week or so, is introduced either directly or indirectly to various aquatic systems 
(rivers, soils, peatlands, lakes, oceans, polar and glacial ice. In addition to this atmospheri: 
"unsupported" lead-210 other local contributions due to radium-226 may occur which could be 
either unsupported or "supported" lead-210. For ombrotrophic peats, polar- and glacial-ice the 
supported lead-210 is extremely little. 


The unique "global cycle" of lead-210 (Fig.1) allows most atmospheric and aquatic species to 
undergo analogous biogeochemical pathways before being deposited and preserved in permanent 
sinks. Beside its chemical identity as a heavy metal the lead-210 is a radioactive nuclide with about 
22.3 y half-life time. These properties make lead-210 not only a good dating tool for deposits up to 
150 y but also a suitable atmospheric and aquatic tracer of environmental and ecological 
components. 


The utilization of the Global Biogeochemical Cycle of Lead-210 in earth and environmental 
sciences would be discussed. Monitoring the history of atmospheric pollution such as 
environmental radioactivity, heavy metals, acid-oxides as well as eutrophication of fresh- and salt 
-water bodies would be commented. 


(NOTATION: 1 Ci = 37 GBq) 
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1. INTRODUCTION 


Although energy resources of our planet existed long before the first simple forms of life on the 
Earth it took extremely long time to allow for the evolution and stability of the present-day complex 
-structure of the Earth's ecological systems. The survival of man necessitates CONTROLLED 
CONSUMPTION OF NATURAL ENERGY RESOURCES AND CONTINUING STABILITY 
OF GLOBAL ECOLOGICAL ENVIRONMENTS. The increasing population and the accelerated 
participation of man in modern energy-demanding techniques have created obvious perturbations 
and damages of our environments specially during the past century. Environmental monitoring is 
thus an important step in evaluating the quality of present and past environments and represents a 
bases for environmental protection policies. Among the most important environmental changes of 
recent character are pollution of the atomsphere and hydrosphere by anthro-pogenic heavy metals, 
acid-oxides, chemical and radioactive waste as well as eutrophication of aquatic systems especially 
lacustrine and marine ones. Modelling the history of such changes on global and local scales 
requires routine monitoring of current levels of ecologically reactive substances and careful 
analyses of past environmental changes as witnessed in natural deposits . 


Routine monitoring of present-day environments serves as an early warning for: (1) 
catastrophic events such as failure of power-stations, nuclear and chemical industries; (2) shifts in 
principle quantities and parameters controlling primary production, stabilities and qualities in 
nature including levels of nutrients and pollutants. Historical monitoring, on the cther hand, 
provides important information on past environmental changes, causes and levels on global and 
local scales. Thus a complementary data-bank of present-day records could be done by 
reconstructing the preserved chronological-records of undisturbed deposits especially lacustrine-, 
marine-sediments, peats and polar-ice [1] as well as fresh-water mussels [2] and deep-sea corals 
[3]. 


Accurate modelling of the past environments would depend on careful selection and sampling 
of deposits, temporal and spatial resolutions of records obtained as well as their statistical 
validities. In historical monitoring almost all kind of natural deposits have been utilized, with 
varying degrees of success, to give reliable temporal-records of regional and global changes. A 
key parameter in utilizing natural deposits in historical monitoring and environmental modelling is 
VALID CHRONOLOGICAL TIME-SCALES IN CALENDAR YEARS, The LEAD-210 
METHOD has proved to be an essential dating method for constructing time-scales up to 150 y and 
a valuable tool in modelling recent atmospheric, aquatic and depositional processes [4-7]. 
However, the credibility of lead-210 chronologies could be enhanced by suitable combinations 
with other tools [7-8]. In integrated investigations such as mass-balance studies of lakes many 
cores representing the whole water-body are used and the construction of a whole-lake chronology 
would involve core-correlations [9]. Mass-balance studies are of extreme importance in evaluating 


multi-system interactions [10] and related global changes [11]. 


In assessing palaeo-environmental changes it is quite obvious that one has to diffe: entiate 
between atmospheric and non-atmospheric inputs of various components. Nevertheless, this is a 
challenging and difficult aspect in environmental research. Polar-ice, mosses and ombrotrophic 
"rain-fed" peats, if well selected and treated, would presumably mirror atmospheric records [1]. 
Lakes and coastal marine environments, in addition to their atmospheric inputs, receive other 
contributions from adjoining compartments because of transported materials from lands as in 
lakes [12] and/or off-shore waters as in coastal marine areas [13]. Soils could also be used to 
monitor total inventories of some atmospheric air-borne materials such as radioactivity and heavy 
metals [14], however complications from background contributions may exist. Generally speaking 
well-selected deposits with valuable atmospheric data should satisfy the following criteria [15]: (1) 
Records under investigation ought to be of atmospheric origin. In cases where additional inputs 
. occur corrections should be carried out; (2) The biogeochemical and depositional conditions of the 
depository system should allow quick "contemporaneous" and complete accumulation 
"quantitative" of components to be modelled; (3) Post-depositional processes which may disturb 
the original order of accumulated materials should be either absent or well examined so as proper 
normalization could be done; (4) Deposits should yield reliable and continuous chronologies with 


good resolutions. As these criteria are not likely to be fulfilled for all records desired it would be 
neccessary to combine and extend records obtained. Knowledge of palaeo-atmospheric fluxes 
would certainly facilitate modelling of non-atmospheric species. 


2. THE GLOBAL LEAD-210 CYCLE AND TRACING APPLICATIONS 


The utilization of lead-210 in chronological studies of recent deposits was introduced by 
Goldberg [16]. Since that time this radioactive nuclide was applied to lacustrine [17-31]; riverine 
[32-33]; estuarine [29,34-37]; coastal marine [13,26,38-44); soils [14,45-48]; ombrotrophic peats 
[15,49-55]; polar- and glacial-ice [16,56-62]; as well as atmospheric [5,63-68]; surface-water 
including the mixed-layer of the ocean [32,34,69-73] and oceanic studies [13,74-77]. These 
studies provided valuable understanding on essential processes controlling the global cycle of lead 
-210 and demonstrated various important applications . 


Figure (1) shows a summary on various sources, pathways and sinks of lead-210 in the globe. 
Almost all atmospheric lead-210, "extra" or "unsupported" lead-210, (half-life time = 22.26 + 
0.22 y) is produced from land-injected radon-222 (half-life time = 3.8 d). Land-areas with 
productive radon-222 emanation are characterized by having high intrinsic radium-226 
concentrations, free from glaciers and permafrost. Meteorological conditions are the major 
parameters controlling radon-222 exhalation from lands [78]. About 3% of the land-emanating 
radon-222 is introduced from world oceans and other terrestrial sources. Radon-222 is removed 
from the atmosphere by its radioactive decay to a series of short-lived radioactive nuclides with half 
-lives up to about 27 min : polonium-218, lead-214, bismuth-214, polonium-214. These 
radioactive nuclides are very particle reactive and_they become attached to atmospheric aerosols 
immediately after their creation. The decay product lead-210 as well as other reactive chemical and 
radioactive species are removed by further aerosol scavenging and atmospheric precipitation 
processes. The lead-210 residence time in the atmosphere, a week or so, is long enough to allow 
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Fig. (1) The lead-210 global cycle and related applications in earth and environmental sciences. 
The major part of land-exhalated radon-222 is quickly transformed to lead-210 which is regionally 
mixed with other volcanic and artificial remains ejected "A,a” as well as cosmogenic nuclides 
produced. Capital letters mean possible sources and pathways of lead-210 while small letters 
denote analogous environmental remains following lead-210 to "permanent" sinks. "A" may also 
represent airborne non-cosmogenic radioactive nuclides of natural or artificial origin which could 
be investigated or correlated with lead-210. "a" means chemical waste from power stations, 
vehicles, chemical industries and volcanic activities. After being transported and mixed by various 
atmospheric processes (1) the materials A,a are brought to different aquatic and ice reservoirs by 
dry and wet fallout "B,b". B and b patterns are dependent on meteorological conditions. The 
biogeochemical interactions of surface waters with soils, farming and mining lands modify the 
water quality before reaching ground-waters, rivers, parts of peatlands, lakes and marine coasts. 
Mining (H,h), farming (C,c) and other land-use waste may reach rivers and lakes via drainage 
areas. River (D,d), groundwater (F,f) and land-eroded materials (G,g) with different nutrients 
(phosphorus and nitrogen) and pollutants are discharged to lakes and marine coasts. These systems 
may receive direct remains (I,i) from power plants (fossil-fuel and nuclear), industrial and urban 
activities. The physical, chemical and biological remains are then deposited, mixed/ mobilized by 
various processes such as: lateral transport, bioturbation and/or resuspension (2); pH- and red./ox. 
-induced reactions (3) as well as diffusion (E,e), and finally ACCUMULATED AND 
PRESERVED. 


Lakes and marine sediments have been widely used as general environmental indicators. 
Undisturbed sediments with reliable chronological records are usually found at "accumulation 
bottoms”. Polar and glacial ices as well as ombrotrophic peats, although their limited utilization, 
~~~ptoved to give complementary and valuable global data as they exist in regions where sediments 
may be of minor importance. Peate could be found in all continents and in combination with soils 
additional global information on integrated atmospheric fluxes could be obtained. For short-term 
records of local and regional anthropogenic pollution air-filters, mosses and lichens, tree-rings as 
well as mussels and corals seem to give detailed information specially if analyzed by modern 
chemical and physical techniques. 
for tropospheric circulation [68] and mixing with other chemical and radioactive species with 
similar atmospheric behaviour. Almost all atmospheric reactive elements/compounds, including 
lead-210, are brought to the earth by meso-scale transportation processes [79] as well as dry and 
wet precipitation [67]. It must be kept in mind that the atmospheric patterns of lead-210, 
radioactive nuclides and chemical waste are entirely different and depend primarily on production 
sources. Generally speaking atmospheric lead-210 concentration levels are related to the size of 
radon-producing land-masses. High values of lead-210 concentration in surface air could 
therefore be found at mid-latitudes with rapid decreasing gradients towards high-latitudes [66] . 
Unlike lead-210, the atmospheric distribution of particle reactive radio-isotopes such as tritium, 
silicon-32, beryllium-10 and strontium-90 as well as nobel gases and carbon-14 are dominated by 
their stratospheric injection pattern [5]. It is quite obvious that even under constant radon-222 
production the atmospheric lead-210 concentrations would experience a great daily and seasonal 
variations because of different aerosol intensities, properties and prevailing meteorological 
parameters. Although the particulate form of lead-210 the seasonal variations of lead-210 and 


radon-222 in the atmosphere are somewhat similar [63]. This would imply that atmospheric lead 
-210 fluxes could be described in terms of radon-222 concentrations in the atmosphere. 
The deposition of lead-210 to the earth's surface would be controlled by dry and wet 
recipitation and its annual precipitation fluxes would be enhanced by the frequency and rate of 
rainfall [80]. Considering an average prodution rate of radon-222 from productive continental 
lands to be about 42 atoms/sq.cm/min [81] atmospheric lead-210 fluxes of < 0.6 pCi/sq.cm/y 
could be calculated for such areas. However, as about two-third of the earth's surface produces 
negligible amounts of radon-222 a global annual lead-210 deposition-rate could be estimated to < 
0.2 pCi/sq.cm. Although the Significant geographical variations of lead-210 deposition rates, 
annual variations are relatively limited and standard deviations of about 30% could be obtained for 
mean-values of five-year periods [5]. The actual annual lead-210 deposition rates were found to 
vary from > 0.05 - < 0.40 pCi/sq.cm/y for Australia and New Zealand 67,82] up to Botan, 





1.3 pCi/sq.cm/y for Japan [80]. The corresponding values for U.S.A., U.S.S.R., Great Britain 
Ireland, The Netherlands, and Scandinavia are > 0.4 - < 0.7 [34,47,83], > 0.2 - < 1.5 [84], >0.2 | 
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- $0.6 [6,21,54], = 0.19 - < 0.24 [85], and > 0.1 - < 0.2 [23,64] pCi/sq.cm/y respectively. 
These values are extracted from earlier studies of direct atmospheric measuremets, soil and 
ombrotrophic-peat as well as some selected undisturbed lakes. Lead-210 deposition in West 
Germany seems to be somewhat higher than The Netherlands a value of 0.27 pCi/sq.cm/y has 
been calculated from a soil-core by Hemmerich [86]. Nevertheless, extremely low fluxes of lead- 
210 have been reported for polar regions, > 0.002 - < 0.05 pCi/sq.cm/y [56,57]. Statistically valid 


fluxes with good geographical coverage are still needed because of their great value in various 


tracing and dating applications. 


The atmospherically deposited lead-210, chemical and radio-active materials are directly 


delivered to the surface mixed-layer of the oean and permanent sinks such as soils, ombrotrophic 
peatlands, polar and glacial ices. Atmospheric inputs in combination with various contributions 
from the land (physical and chemical erosion) would be rooted through hydrological cycles to 

ivers, | uaries and coastal marine environments [7]. As undisturbed soils and peatlands 
may act as effective filters minor amounts of atmospheric and land-produced materials are expected 
to reach groundwaters. Coastal marine regions are high productive and efficient scavenging sites 
[13] and therefore additional fluxes other than atmospheric and land-induced ones may be found 
there. Only about 25% of the lead-210 in the mixed-layer of offshore oceanic-waters reach deep 
waters because of poor exchange processes and stratification in the sea [71] as well as the 
radioactive decay of lead-210 due to its long residence-time in deep oceanic-waters, < 20 to = 
150 yr [87-88]. As much shorter residence-times in the deep sea are quite possible [74] 
higher lead-210 deliveries to the sea bottom may exist. 


Lead-210 and radioactive nuclides as well as heavy metals and acid-oxides are usually 
introduced to global environments especially atmospheric ones in simple chemical forms 
depending on sources of emission. Most of these atmospheric and non-atmospheric species are 
particle-reactive and behave in a way similar to lead-210, and their modelling would thus be 
possible by using lead-210 as an environmental tracer. Other "less-reactive" compounds such as 
fluorocarbons, combustion-carbon (aromatic hydrocarbons and soots) and volatile organic-gases 


ast century [89,90]. More 
ries waste henols, c anides 












assive and need quite long time to be decomposed to simple chemical com ounds [91]. The last 
mentioned pollutants are either directly injected to various fresh- and Salt-aquatic systems or being 
transported to them by dispersion and erosion. Under favorable geochemical conditions simple 
and particle-reactive pollutants are subject to rapid removal and enrichment in water-bodies through 
adsorption (inorganic) and chelation (organic) on settling paticulate matter. However, peatlands 
may accumulate lead-210 through biological assimilation of leaf and/or root systems. Adsorption is 
a particle-size and particle-composition dependant process while chelation is more energy 
demanding and involves retention of metallic ions by humus remains. Thus one can assume that 
lead-210 and other particle-reactive species undergo further homogenization in surface waters 
before their final accumulation fate in depository sites. It is, however, important to mention that 
some part of these materials may remain soluble in the waters. The chemically passive pollutants 
are accumulated/deposited at varying rates, dependin g on their physical and chemical properties, 
by physical adsorption, entrapment and flocculation. Some of the last mentioned pollutants are not 
likely to be contemporaneously deposited with lead-210 as they may have longer residence-time in 
the waters. Because of the chemical stability of PCBs and DDT com ounds these pollutants are 


considered to be highly toxic and are able to be preserved and enriched in food-chains specially 
milk and animal fats. 

The_ global distribution-pattern_of atmospheric lead-210 could still be seen in rain and the 
surface mixed-layer of the open sea although som [66.73] 









ewhat modified [66,73]. Because of the low 
accessibility of particulate matter in offshore surface water compared to coastal marine 
environments lead-210 is found in soluble form [77]. Although the availibility of radium-226 in 
deep sea waters the in situ lead-210, “supported” or "non-atmospheric" lead-210, suffers 
remarkable deficiency because of its rapid removal [76]. In these waters [74,75] as well as soils 
[45,48] the major part of lead-210 is supported lead-210. Ombrotrophic (rain-fed) peatlands [50], 
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glacial and polar ices [56.57] have negligible amounts of supported lead-210. However, elevated 
levels of lead-210 may occasionally be found in lakes because of high radium-226 in the water 
and/or eroded minerals [23,92]. The residence-time of lead-210 is shortest in streams and rivers 
(days to weeks) specially if its accumulation is accelerated by iron and manganese precipitation 
[70]. Assuming reasonably long water-turnover time, complete accumulation of lead-210 would 
require up to some month in estuaries, small lakes and marine coasts. Lead-210 may need up to 
some years to reach bottoms of large lakes [92]. Few years (1-2) seems to be a realistic residence- 
time of lead-210 in old aquifer and offshore surface sea-water. Very long residence-times have 
been reported for deep sea-waters < 20 to 2 150 y , nevertheless shorter times have been 
observed as well [74]. 


It is quite clear from the previous description that lead-210 could be used for historical 
monitoring of atmospheric and aquatic waste with different degrees of success depending on 
chemical reactivity and residence times of environmental waste. However, the selection and 
collection of undisturbed and preserved deposits "closed systems" as well as the construction of 
valid time-scales in calendar years are essential steps to obtain reliable chronological data on global 
biogeochemical cycles. 


3. LEAD-210 DATING PARAMETERS AND MODELS 





As ideal conditions of closed systems are very difficult to be found in nature it is quite important 
to understand and evaluate the conditions under which chronological anomalies arise and to 
develop necessary solutions and corrections for them. For a given depository system the 
accumulated original sequences should be protected against external and internal processes which 
may disturb the chronological order of the system or parts therein. Unlike soils, riverine, lacustrine 
and marine systems,the ombrotrophic peatlands, polar- and glacial-ice suffer mainly from internal 
deforming/disturbing processes. Internal and external processes influencing modern depositional 
sequences and related dating approaches are discussed in detail elsewhere [4,6- 
8,27,30,39,44,50,54,93-94]. 

As lead-210 dating is based on the unsupported lead-210 (atmospheric origin) in deposits it is 
obvious that the supported lead-210 (in situ) must be carefully estimated [23]. This is usually done 
by measuring: 1) lead-210 in samples older than 150 y; 2) radium-226 of depository sequences; 3) 
lead-210 of the 1% HCl and 0.5% NaOH insoluble fraction [7]. Unfortunately non of these could 
serve as a standard approach for the determination of environ-mental supported lead-210 levels. 
The first approach proved to be applicable in most cases of fresh-water lakes except disturbed ones 
which may show unreliable levels and therefore the remaining approaches must be utilized. In 
marine studies comparison between radium-226 and lead-210 are of special importance as: 1) these 
radionuclides may suffer obvious disequilib-rium or, 2) be in equilibrium but showing a varying 
level of supported lead-210 with depth. In both cases these anomalies may extend to samples older 
than 150 y, however the third approach would be of valuable help. 


In totally or partially closed systems, the lead-210 age calculations are based on the assumption 
that the unsupported lead-210 fluxes delivered to, and maintained by, a depositional sequence 
should be constant during the past two centuries or so; this is known as the Constant Rate of 
Supply model, C.R.S.. In cases where sedimentation rates have been constant in time the initial 
unsupported lead-210 concentrations would be also constant, and the model used to deliver ages is 
called the Constant Initial Concentration model, C.I.C.. According to these models [4,6] the 
age of a certain layer in a given depositional sequence would depend on either the remained lead- 
210 activity beneath this level relative to the integrated lead-210 activity of the sequence (C.R.S. 
cle or Bae oo concentration of the level in question compared to the top surface-layer 

LC. model) : 


A=A,exp-At AND/OR C=Cpyexp-At (1) 
where Ap and Cp are the integrated unsupported lead-210 activity (pCi sq.cm) and the initial 


specific lead-210 activity (pCi/g) of the sequence respectively, C is the lead-210 concentration in a 
certain layer of age t (C.I.C.) beneath which the integrated lead-210 activity is A. The 
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sedimentation rates w could be obtained by deviding the depth increments with corresponding 
ages. In order to avoid problems arising from compaction depths could be replaced by masses 
using density and porosity values of the corresponding layers. In both the C.R.S. and C.LC. 
models the lead-210 flux could be given as: 


h =A age aS C(m) dm (2) 


where ® is the annual unsupported flux (pCi/sq.cm/y) at a certain site, A is the decay constant of 
lead-210 (A= In 2/ T(%)), and is the cumulative unsupported lead-210 of the depositional 
sequence from mass zero at the surface to mass at which supported lead-210 exists only, C(m) 
is the lead-210 concentration in a layer of mass dm. As annual lead-210 fluxes (or inventories) 
may not be uniform at all depositional sites it would be necessary to devide aquatic systems to 
several compartments representing the actual lead-210 pattern in the system under consideration. 
This approach could also be utilized to study the influence of various internal and external 
processes on the accumulation of lead-210 and associated chemical analogues in local and global 

- environments (lakes, marine coasts, soils and peatlands or the like). For a given system the 
average lead-210 flux could be described as follows: 


ae Azam 
a) ae (A/S) x (Ap) x ax (3) 
x=t 
where (A,), ax is unsupported lead-210 inventory in an area defined by the zone parameter xX in 
a system with a total surface area S and active depositional zone-boundaries | and m. These 
calculations are of prime importance in modelling the efficiency of environmental systems to 
accumulate and hold different pollutants/nutrients as well as multi-system interactions. Ar. 
interesting application is the infiltration of environmental pollutants to groundwaters due to 
acidification-induced solubilization. 
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ABSTRACT s 


In recent years there has been a growing interest in the 
physical characteristics of desert basins, particularly playas, 
for various practical purposes. Features of significance inclu- 
denature and properties of materials at and below ground 
level, configuration and microrelief of the surface, and hydro- 
logical conditions. A great deal of study hes been devoted to 
playa phenomena, and much has been learned about the factors 
which relate to them, although much still remains to be done. 


The objective of this paper is to study the possibility of 
utilizing some of the Libyan Desert depressions for power 
‘generation by admitting sea-water into them with a considerable 
fall from the Mediterranean sea, the influx being continuously 
disposed of by evaporation from the surface of the salt lake 
which would thus be formed within the depression. The proposed 
project include extending canals and or tunnels conecting the 
Mediterranean sea to the selected depressions. The various 
aspects of the recommended project and the different factors 
effecting it are also discussed. 


INTRODUCTION: 


The topography of the Libyan Desert is characterized by 
more or a less central groups of discontinous mountains and 
uplands, surrounded on all sides by areas of lower relief. 

Me terrain in general awey from the dominant mountains, is 
characterized by broad plains and basins, variously interrupt- 
ed or separated by irregular hills, plateaus, and low mounta— 
ins; abrupt escarpments are common. Some of the basins if care- 
fully studied may be utilized for various useful projects. A 
more reasonable prospect seemed to be that of admitting sea- 
water from Mediterranean into some selected basins by means 

of a canal or a pipe. Some of the advantages which might occure 
from the formation of this inland sea are an increase in the 
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humidity of the climate along the Mediterranean sea and along 
the route of the canal, leading to increased rain-—crops in 
iunat region, the estavlisnment ot a valuable fishery and 
possible increase in the water -— supply of the oases by cau- 
sing ot a slight rise in the static water level there. 


Another idea is to utilize some selected depressions as a 
source of electrical power for driving pumps by which the 
drainage of the region might be improved. The salt marshes 
which cover much of the floor of the depressions appeared 
suggestive of a former Sea - connection, and if we could 
trace out this old connection, the cutting of a canal along 
it might not de very expensive matter. Moreover, it is appar- 
ent that evaporation from an inland sea or lake of so large 
an area would keep pace with quite a larse influx from the 
Mediterranean, so that if the influx were restricted to such 
a quantity as would of the lake — surface being maintained at 
2 level considerably below that of the Mediterranean, power 
could be generated continously. 


ORIGIN OF THE DEPRESSIONS: 


A possible cause of the depressions is to be founc in 
earth — movements either a local down-folding of the crust, 
or an upraising by faulting of the surrounding tracts, It is 
not unlikely that such earth -— movements have to some extcnt 
conditioned the formation of the depreesicns; but that the 
depressions are not simply faulted down areas or subsidences 
is abundantly clear from an examination of the bounding 
seraps and the floors of the larger oases. It is, in fact, 
obvious that these sreat hollows are natural excavations,not 
subsidences. We can thus possibly invoke water=-action to 
account for the primitive formation of tne depressions, There 
is no doubt that wind has been the main excavating agency. 
All tne depressions occur in areas where soft rocks are over 
lain by hard ones, and once the hard overlying rock was re- 
moveé at any place, the action of wind on the softer becs 
would soon excavate a hollow. 


TH DEPRESSION 
Since no complete data is available on most of the Ge- 


pressions in the Libyan Desert, only one site Sabknat Al- 

’ Quonayyin was considered in this paper. The depression nas 
an area of 2100 square Kilometers and approaches within 77 
Kilometers of Ajdabiya city and 100 kilometers of the teci- 
terranean Goast (Table 1). The lowest point of the floor of 
the depression is about 40 meters below sea-level and a 
large proportion of the floor is covered by Sabikcha, which 1s 
a mixture of sand and salt, senerally with more or less 
water. In some tracts the sabkha directly overlays solid 
ground presenting a rough ridgy surface which can te trave- 
lled over, though with difficulty, in Gry seasons; but over 
large areas it forms merely a solid or semi-solid crust over= 
laying salty sludge, and is therefore quite impassable.The 
remainder of the depression floor is mostly formec by sans, 
sravels, clays, and limestones. 


sabiha t Approximate eOproe te Avproximate 

(Depression)  Area(Km2) Distance Depth below 
from Sea Coast Sea (m) 
(Km ) 

Al Kabi:z‘ah 120€ oF s 

‘2. Yuonayyin 2100 100 40 

Talib. 126 On the Coast ? 

As Sham 

Ash Shuwayrib 208 2 15 

Tawargha a 

Al Wisha 2190 On the Coast ? 

Umm Al-Izam 

Al Hamra Te 90 ? 

Maradah 784 105 ? 


? = No data available 


Table 1. 


AMOUNTS OF POWER TO BE GENERATED: 


Since a Kilowatt is equivalent to 102 Kilogramme-metre 

per second, the gross rate of evolution of enerey from Q 
cubic meres per second of sea-water of density 1.025 falling 

hrough es heiznt of H metres will be 1025 98/102; and taki 
the value of Q (nermissible influx) as 656 cuhic ee pex 
second, this ives 263,000 Kilowatt for the gross rate of 
evolution of energy with lake at 40 metres below eee Of 
this total energy however a considerable proportion would 
Lost in the conduits and in the generating plant. The ieee 
of lost energy is somewhere about 40 per cent, leaving only 
some 60 per cent or so of the cross energy for available out- 
put. The developable net cutout at the genereting station 
would thus be roughly about 160,000 Kilowatts. 


wre 
Sigs 
a“ 


PROPOSED PROJECT: 


It is easy to note that a single tunnel to convey the whole 
permissible influx to the lake would have to be of exceeding-= 
ly large diameter. In our case ( 40 metre lake), for inst- 
ance, even if we were prepared vo sacrifice as much as three 
eighths of the total fall in givins slope to the conduits 
and a circular tunnel to pass 656 cubic meters per second 
with thic desree of slone would need to De at Loast Ties 
metres in diameter. So large a tumnel as this would pEOne ets. 
be auite impracticable; even if Lo. Were precviceble, ait voult 
be very expensive to cons$ruc $3 ané it wouie present the 
three further ssctious disadventa ses that the whole Ono Leis 
involves in its corstruction would have to ve expencec before 
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there could be any return on the capital, the power available 
from it would most probably be considerably in excess of 

the immediate demand, and periodical inspection of its inter- 
ior wovld not be possible without temporary suspension of 
the entire output. The division of the influx between at 
least two tunnels thus appears to be imperative; and three 
funnels would probably be better still, as not only bringing 
the necessary diameters down to within practicable limits, 
but also diminishing the initial capital outlay (since only 
one of the three tunnels need at first to be constructed,and 
would probably suffice for initial power requirements), and 
eventually permitting of inspection of the interior of the 
tunnels being carried out without the temporary suspension of 
more than one-third of the total power output. 


RECOMMENDATION FOR FURTHER RESEARCH: 
A further research should be carried out to explore the 
following points: 


~ A study of the evaporation, inward seepage to the lake, 
outward seepage from the lake, rainfall snd time regui- 
red to form the lake and salting-up of the lake, 


- asconomie study including the total cost of the project 
and the expected revenue. 


- A complete detailed mapping of the depressions at a 
large scale showing the combour lines should be comnlete. 
ed to lmow the exact depths and extents of each depre- 
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PLANING FOR ALTERNATIVE SOURCES OF ENERGY IN JAMAHIRIYA 


MOHAMMED KALIFA ABU SUNOGA 
and 
K.S.N. RAJU 


Bright Star University of Technology, 
P.0. Box 58158, Ajdabia, Libya. 


ABSTRACT 


The need for the development of alternative sources of 
energy in Jamahiriya is stressed, 


Renewable energy resources that could be attractive for 
Jamahiriya are identified and the problems and prospects in their 
exploitation are discussed. The priorities are identified keeping 
in view of the social and technological background of the country. 
The feasibility for the development of energy resources through 
hydrocarbon plantations in the desert areas is outlined in particular, 
A planned approach involving research and development to identify 
suitable desert - growing plants, in particular the hydrocarbon - 
yielding varieties, the development Of infrastructural facilities 
and phased implementation of the programme, is suggested, The 
direct and indirect benefits involved in such a programme are 
outlined 
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Before attempting to devise plans for energy resources 
development, it would be interesting and educative to look 
back to the past with reference to this resources, During 
the past centuries, man's need for energy were very wach 
limited but the variety of resources from which these needs 
were met are surprisingly large. Muscular energy from man 
and animals and energy from biomass, sun, wind and water 
currents, are examples of important sources, The advent of 
fossil fuel utilization marked the development of ‘industrial» 
society leading to a shift from 'mlti-resource' to ‘single 
resource' depondence, the later being coal and then oil and 
gas. re 


The dependence of modern society on energy from fossil fuels 
need not be over emphasised, Technologicgl development of 

any country is inter-linked with its energy consumption levels 
and rate at which world energy consumption levels have been 
increasing, especially during the later half of this century, 
lead to the realisation that a 'mlti-resouree' approach is 
required to meet the future energy needs of any couatry whether 
developed or developing. 


The energy resource that is currently exploited in Jamabiriya 

is oil and gas. This resource, while meeting the energy 
requirements of the country, is its major revenue earner. It 

is estimated that 10 to 15 percent of the current levels of 
production is utilised to meet the energy requirements of the 
sparcely populated country while the rest as a revenue earner, 
This resource, being finite, will not last very long,necessitating 
planned development of other resources to meet not only the 
energy needs of the country but also its economic needs, replacing 
the petroleum revenues, Another factor that is to be taken note 
of is that as world petroleum resources get depleted, their 
economic value increaseg. This will accelerate the use of 
petroleum as a source of chemicaB and other high value products 
instead of using it as a source of energy. Research and deyelop- 
ment effort in developing alternative sources of energy for large 
scale exploitation will be leading to a reduction in the cost of 
energy from these sources making petroleum less attractive as a 
source of energy. 
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Solar energy, photosynthesis through plantation of desert- 
growing hydrocarbon yielding plants, wind energy and ocean 
thermal energy conversion are some of the important resources 
that look attractice for Jamahiriya, low temperature 
geothermal energy below 150°C also available but its 

tapping for commercial use requires detailed examination 

of this resource. Under sea current are known to exist 

in Mediterranian sea but technologies are yet to be develpped 
for utilization of such a resource, 


Before considering these sources it would be necessary to 
examine the social and technological background of the country. 
The problems faced by the country are similar to those existing 
in other developing countries, except that the population is 
very small compared to its area, Technological development is 
not comparable with that of the advanced countries. Technical 
manpower is scarce, population is mostly distributed along the 
coast where most of the cities and towns are located. Population 
in the interior is dispersed in small clusters, Infrastructural 
facilities for research and development are not adequate, 
Considering these factors, it would be desirable to choose 

low level and easily adoptable ~ technologies in the initial 
stages fo# alternative energy resource development, 


At the same time few well-chosen high technology projects can 
also be taken up. For example, considering the long sea coast 
and Warm Mediterranian waters it would be worthwhile to study 
the feasibility of installing ocean thermal energy conversion 
(OTEC) plants to supply energy for desalination plants located 
along the coast to meet the growing needs of fresh water by 
iniustry and the populations located along the coast. Most of 
the present desalination plants use the flash evaporation process 
which is highly energy intensive, the energy being derived from 
petroleum sources, Adoption of membrane processes are less 
energy intensive for which OTEC plants can supply the necessary 
energy. Solar energy conversion systems with simple techno- 
logies can also be considered for applications such as drying, 
refrigeration and hot water systems, Installation of wind 
mills to serve the energy needs of remotely located population 
clusters and pumping water for agricultural needs looks to be 
another attraétive proposition, 
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One of the most attractive resource that could be 

exploited using low level technologies and, relatively 
unskilledmanpower is the photosynthesis process 

involving desert growing varieties of hydrocarboa- 

yielding plants. Considerable amount ef work has been 

done on this topic by scientists all over the world. 

The work of MELVIN KELVIN, a Nebel laurate fron Berkely, 
California, on a shrub which produces hydrocarbon 

substances similar to gasoline, is particularly moteworthy,. 
The shrube, a member of euphorbia family,produces significant 
quantities of a milk-like sap, called latex, that is actually 
an emulsion of hydrocarbons in water, The main advantage of 
species of shrub studied by Melvin Kelvin is that it could 
grow well in dry regions or desert lands that are unsuitable 
for agriculture. Melvin Kelvin estimates that these plants 
are capable of producing between 10 to50 barrels of oil 

per acre of land annually. The technology for production of 
gasoline from these plants is simple and easily adoptable by 
developing countries like Jamahiriya. After the plant reach 
the desired height, they would be cut near the ground and run 
through e crushing mill in mech the same way as for sugarcane, 
From the resultant sap, hydrocarbons are separated by breaking 
the oil-water em)]sion using the well established techniques 
such as use of additives for the modification of interfacial 
tension followed by separation by settling, filtration and 
centrifugation. The plants themslves regrow from their stumps., 
Replanting might become necessary only once in 20 years, The 
production costs for crude hydrocarbons are estimated to be 
reasonably competative to the present day oil costs. One 
estimate gives that these costs would be in the range of 3 to 
10 dollars per barrel, Furthermore, the oil would be 
practically free from sulfur and other contamifients, The 


_ usefulness of cultivating hydrocarbon - yielding plants in 


the vast unutilized desert areas of Jamahiriya can be 
established if one looks at the magnitude of oil production - 
that could be possible, Considering that about 90% of the 

land area in Jamahiriya is_uncultivated land, we arrive at 

a figure of around 40 x 10° acres of desert land that could 

Be utilized for the Plantation of oil-yielding shrubs, Assuming 
that the anmal oil production will be an average of 25 barrels 
per acre, the total annual production, if the entire desert 

arga of Jamahiriya is utilized for the purpose would be around 
10 “barrels, This would be about 15 times that of oil production 
in 1980. This high figure should be attractive enough for 
giving serious consideration to this proposal, 
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A systems approach is required for the implementation of 

the hydrocarbon yielding shrub plantations. Research and 
development with facilities of extension work should be the 
first step to establish which varieties of the plants would 
be best suited to the local conditions, as there are as 
many as 750 species of plants belonging to the euphorbia 
family. Studies are also required to establish parameters 
such as the growth period of the plants, yields obtainable, 
water requirements, rest resistance, residue utilization and 
the like, the second step would be establishment of nurseries 
for the supply of the plants to the plantation establishments, 
The project may be implemented in phases by dividing the land 
are@into sectors and establishing national companies which 
can handle the work of land preparation, plantation and 
caretaking, water supply and collection and processing of 
latex for ail production, In the initial stages, only few 
sectors may be chosen and equipped with the necessary 
infrastructural facilities, After successful implementation 
in these sectors, the programme may be extended gradually to 
other sectors taking care that the expansion programme would 
not lead to dilution of the effort. The development of 
hydro-carbon plantations will not only serve the purpose of 
replacing finite and dwindling petroleum resource but also 
helps consolidate the desert land, reducing soil exzosion 
and making it suitable for the development of agriculture 
during later phases, Availability of water through 'Big 
River' Project and the desalination plants operating on 
energy derived from OTEC plants or from solar energy 
conversion systems would then accelerate agricultural and 
forest development, besidés meeting the growing needs of 
population and industry. In the distant future, greening 

of desert might help in weather modification, bringing 
more water to the land through increased rainfall. Thus, 

a begining made for utilization of the desert land for 
energy plantations, would lead to its utilization for 
agriculture, As development of more advanced methods for 
obtaining energy, for large scale exploitation from solar 
and sea sources might make progress in the meanwhile, 
emphasis for energy supply could be shifted from hydro- 
carbon plantations to these high technology sources making 
the land available for food production. 
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The residues from hydrocarbon plantations might be useful 
for producing more energy through biomass conversion or for 
the manufacture of paper boards, solid fuels and other 
useful products. In summary, hydrocarbon plantations are 
an attractive proposal for the supply of energy as an 
alternative to petroleum in near future as vast unttilized 
desert land is available in Jamahiriya. For growing such 
plants, technologies for development of these plantation 
are very simple and easily implementable, water requirements 
are very low for such plantations and lastly, once the 
plantations are made, very little attention would be needed 
te sustain the plants thereby implying very small manpower 
requirements. 


Development of other alternative energy resources might be 
carried out sinmmltaneously with priorities for wind energy 
in remote areas, OTEC systems as long coast is available 
with relatively warm Mediterranean waters. Solar energy 
development in its initial stages might focus ite attention 
on low technology methods for applications such as crop 
drying, water heating, refrigeration and air-conditioning 
and the like, 
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